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PHOSPHORUS CONTAINING COMPOUNDS AS" INHIBITORS OF RETROVIRUSES 

FIELD OF THE INVENTION 
The present invention relates to compwunds useful for inhibiting a retrovirus in a human 
cell infected with said retrovirus. More particularly, the present invention provides peptides, 
5 having at least one 0-phosphate monoester or diester, and certain parent pq)tides diereof. 

BACKGROUND OF THE INVENTION 
An estimated one to one and one-half million people in the United States are infected 
with a human r^ovinis, the human immunodeficiency virus type I, HTV-l, which is the 
etiological agent of acquu-ed immunodeficiency syndrome, AIDS (C. Norman, Science, 661- 
10 662 (1986)). Of those infeaed, an estimated two hundred and fifty thousands people will 
develop AIDS in the next five years (J.W. Curran, et al.. Science, 1352-1357 (1985)). On 
March 20, 1987, the FDA approved the use of the compound, zidovudine (AZT). to ueat AIDS 
patients with a recent initial episode of Pneumocystis carinii pneumonia, AIDS patients with 
conditions other than Pneumocystis carinii pneumonia or patients infected with the vims with an 
15 absolute CD4 lymphocyte count of less than 200/mm^ in the peripheral blood. AZT is a 
known inhibitor of viral reverse transcriptase, an enzyme necessary for human immuno- 
deficiency virus replication. 

U.S. Patent 4,724,232 claims a method of treating humans having acquired 
immunodeficiency syndrome utilizing 3'-azido-3'-deoxy-thymidine (azidothymidine, AZT). 
20 Since the first description of the malady in the early part of this decade, acquired 

inmiunodeficiency disease sjrndrome (AIDS) and its devastating consequences have been 
subjects of continuous and intense coverage in both the lay and scientific press. Indeed, a 
recent edition of Scientific American was witirely devoted to AIDS (Scientific American 289, 
#4 (1988)), and the literature on the disease and the virus is already so vast as to defy thorough 
25 citation. At present, 3'-azido-3'-deoxythymidine (AZT), an inhibitor of the viral reverse 
transcriptase (RT), remains the ther^y of choice, despite its highly toxic side effects. 

Human immunodeficiency virus (HIV) has long been recognized as the causative agent 
in AIDS, although a minority opinion to the contrary has been expressed (e.g., P. Duesberg, 
Proc. Natl. Acad. Sci,, USA, 86:755-764 (1989)). Sequence analysis of the compile genomes 
30 from several mfective and non-infective HIV-isolates has shed considerable light on the make- 
up of the virus and the types of molecules that are essential for its rq)lication and maturation to 
an mfective species (L. Ratner, et al.. Nature, 313:277-284 (1985)). HIV exhibits the same 
gag/pof/env organization seen in other retroviruses (L. Ratner, et al.. Nature, 313:277-284 
(1985)); S. Wain-Hobson, et al.. Cell, 40:9-17 (1985); R. Sanchez-Pescador, et al., Science, 
35 227:484^92 (1985); and M.A. Muesing, et al.. Nature, 313: 450-458 (1985)). 

Reverse transcriptase (RT) is an enzyme unique to retroviruses that catalyzes the 
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conversion of viral RNA into double stranded DNA. Blockage at any point during the tran- 
scription process, by AZJ or any other aberrant deoxynucleoside triphosphate incapable of 
elongation, should have dramatic consequences relative to viral replication. Much work on the 
RT target is in progress based, in large measure, upon the fact that nucleosides like AZT are 
5 easily delivered to cells. However, die inefficiency of phosphorylation steps to the 

triphosphate, and the lack of specificity and consequent toxicity, constitute major drawbacks to 
use of AZT and similar nucleosides having a blocked, or missing, 3'hydioxyl group. 

The T4 cell receptor for HIV, die so-called CD4 molecule, has also been targeted as an 
intervention point m ATOS therapy ( R.A. Fisher, et al.. Nature, 331:76-78 (1988); R.E. 
10 Hussey, et al.. Nature, 331:78-81 (1988); and K.C, Deen, et al.. Nature, 331:82-84 (1988)). 
The exterior portion of this transmembrane protein, a molecule of 371 ammo acids (sCD4) has 
been expressed in Chinese hamster ovary (CHO) cells and Genentech ( D.H. Smith, et al., 
Science, 238:1704-1707 (1987)) has had a produa in clinical trials since the fall of 1987. Thus 
far, little information on efficacy is available beyond the fact diat the recombinant sCD4 
15 appears to be relatively non-toxic. The idea behind CD4 based therapy is that the molecules 
can neutralize HIV by interfering with vhral attachment to T4, and other cells which express 
CD4 on their surfaces. A variant on this theme is to attach cell toxins to CD4 for specific 
binding and delivery to infected cells which display glycoprotein gp-120 on their surfaces ( 
M.A. Till, et al.. Science, 242:1166-1168 (1988); and V.K. Chaudhary, et al.. Nature, 
20 335:369-372 (1988)). 

Another therapeutic target in AIDS involves inhibition of the viral protease (or 
proteinase) that is essential for processing HIV-fusion polypeptide precursors. In HIV and 
several other retroviruses, the proteolytic maturation of the gag and gag/pol fusion polypeptides 
(a process indispensable for generation of infective viral particles) has been shown to be 
25 mediated by a protease that is, itself, encoded by the pol region of the viral genome (Y. 

Yoshinaka, et al., Proc. Natl. Acad. Sci. USA, 82:1618-1622 (1985); Y. Yoshinaka, et al., J. 
ViroL, 55:870-873 (1985); Y. Yoshinaka, et al., J. Virol., 57:826-832 (1986); and K. von der 
Helm, Proc. Nad. Acad. Sci., USA, 74:911-915 (1977)). 

The protease (or proteinase), consisting of only 99 amino acids, is among die smallest 
30 enzymes known, and its demonstrated homology to aspartyl proteases such as pepsin and renm 
( L.H. Pearl and W.R. Taylor, Nature, 329: 351-354 (1987); and L Katoh, et al., Nature, 
329:654-656 (1987)), led to inferences regarding the three-dimensional structure and 
mechanism of tiie enzyme (L.H. Pearl and W.R. Taylor, Nature, 329:351-354 (1987)) that 
have since been borne out experimentally. Active HTV protease has been expressed in bacteria 
35 (see, e.g., P.L. Darke, et al„ J. Biol. Cfaem., 264:2307-2312 (1989)) and chemically synthe- 
sized ( J. Schneider and S JB. Kent, Ceil, 54:363-368 (1988); and R.F. Nutt, et al., Proc. Nad. 
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Acad. Sci., USA", 85:7129-7133 (1988)). SitT^directed mutagenesis (P.L. Darke, ^ alT, J. 
Biol. Chem., 264; 2307-2312 (1989); and N.E. Kohl, et al., Proc. NaU. Acad. Sci., USA, 
85:4686^90 (1988) and pepstatin inhibition (P.L. Darke, et al., J. Biol. Chem., 264:2307- 
2312 (1989); S. Seelmeier, et al., Proc. Natl. Acad. ScL, USA, 85:6612-6616 (1988); C.-Z. 
5 Giam and L Borsos, J. Biol. Chem., 263:14617-14720 (1988); and J. Hansen, et al., EMBO 
J., 7:1785-1791 (1988)) have provided evidence for HIV protease's mechanistic fimction as an 
aspartyl protease. A recent study has demonstrated that the protease cleaves at the sites 
expeaed in peptides modeled after the regions actually cleaved by the enzyme in the gag and 
pol precursor proteins during vu-al maturation (P.L. Darke, et al., Biochem. Biophys. Res. 
10 Communs., 156:297-303 (1988)). X-ray crystallographic analysis of the HIV-protease (M.A. 
Navia, et al.. Nature, 337:615-620 (1989)) and a related retroviral enzyme from Rous sarcoma 
virus (M. Miller, et al„ Nature, 337:576-579 (1989)) reveal an active site in the protease dimer 
that is identical to that seen in other aspartyl proteases, thus supportmg the supposition (L.H. 
Pearl and W.R. Taylor, Nature, 329:351-354 (1987)) that the HIV enzyme is active as a dimer. 
15 To date, the scientific search for a fully effeaive and safe means of inhibiting 

retroviruses in a human hosting such a virus, and thereby effeaively treating diseases caused by 
such a vuiis, such as acquired immunodeficiency syndrome (AIDS), continues. 

J. Moss and H. Bundgaard, International Journal of Pharmaceutics, 66 (1990) 39-45, 
discloses the transdermal delivery of thyrotropin-releasing hormone (TRH) via the prodrug-N- 
20 octyloxycarbonyl derivative. 

J. Moss, A. Buur and H. Bundgaard, International Journal of Pharmaceutics, 66 (1990) 
183-191, discloses that die prodrug N-alkoxycarbonyl derivatives of thyrotropin-releasing 
hormone (TRH) did not improve the oral bioavailability of TRH due to the greater 
suscq)tibility of the prodrugs to undergo enzymatic degradation. 
25 International publication WO 90/07520, published 12 July 1990, discloses oxysteryle 

phosphates having anti-cancer and immunodepressant properties. 

International publication, WO 90/08550, published 9 August 1990, discloses antivirals 
and methods for increasing the antiviral activity of AZT by administering AZT in combination 
with certain purine compounds or their prodrugs. Such prodrugs include 5-amino-3*-(2-methyl- 
30 li)ropoxycarbonyl)-li3-D-ribofm:anosyI-imidazole-4H:arboxaniide; 5-amino-3'-(l- 

propoxycarbonyl) l-i8-D-ribofuyranosyl-imidazole-4-carboxamide, and 2\ 3'-cyclocarbonate 
AICA riboside. 

European published application 0 214 009 discloses enaminones as prodrugs of primary 
and secondary amines. 

35 U.S. Patent 4,650,803 discloses water soluble prodrugs of rapamycin such as the 

glycinate, propionate and pyrrolidine butyrate prodrugs. 
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European published application 0 365 956 A2 discloses therapeutic compositions of 
amino-oxodihydroisoindol^quinazoline which contain the radical of an amino acid, a dipeptide 
or a tripeptide which show enhanced solubility in water. 

U.S. Patent 4,163,058 and 4,260,769 disclose 5,5-diphenyI-hydantoins containing a 
5 phosphate group which offer enhanced solubility. 

U.S. Patent Application 7-258 417, published in Derwent Abstract 51,003-990 discloses 
phosphorothioate oligodeoxyribonucleotide analogs which are useful for inhibiting replication of 
viruses and retroviruses. Phosphorotbioates are compounds in which one of the non-bridging 
oxygen atoms m the phosphate portion of the nucleotide is replaced by sulfur. 
10 Antimicrobial Patent Fast-Alert, week ending 4 January 1991, discloses an in vitro 

hydrolyzable pro-drug combination of Metharapicillin and the 04aaamace inhibitor Sulbactam 
which has therapeutic utility in the treatment of baaerial infections. 

Derwent Abstract, Accession Number 89-287098/40, discloses nerve growth factor 
peptides which may contain a phosphate group. 
15 European published application 0 354 108 discloses new 0-sulphated or phosphorylated 

tyrosine analogues for treating central nervous S)rstem diseases. 

U.S. Patent 4,954,616 discloses the use of guanidine-related compounds, having a 
protecting group, such as triphenyiphosphonoethyloxycarbonyl, in solution-phase peptide 
synthesis. 

20 U.S. Patent 4,775,743 discloses peptide derivatives of the general formula 

(Hydrophobic radical>Pro-Hyp-(Hydrophilic radical) wherein Hyp is hydroxy-prolyl and 
wherein an example of a hydrophilic radical is phosphate. These pqjtides are described as 
being useful as an anti-agglutination agent 

U.S. Patent 4,952,493 discloses a method for preparing sdeaed peptide substrates for 
25 detecting the activity of vkus-specified proteases. Specific tetrapeptide substrates are disclosed 
which are conjugates of protease-cleavable indicator groups and pq}tide sequences resembling 
picomavinis protease cleavage recognition sites. 

U.S. Patent 4,716,222 describes chromogenic substrates, such as 2H-7-0-(Phosphoryl)- 
4-methyl-8-nitrobenzopyran-2-one, which are useful for the detection and determination of 
30 hydrolases, such as acid phosphatase. 

U.S. Patent 4,617,377 discloses new synergistine derivatives which may be substituted 
with a dialkylphosphoryloxy radical, which are useful as intermediates. 

International Publication WO 89/10960 and WO 89/10961, published 16 November 
1989, phosphorus-containing haptens and immunogens, comprising a phosphorus-containing 
35 h^ten and a carrier molecule, >^ich are useful for producing antibodies to catalyze the 
cleavage or formation of amide, ester or glycosidic bonds. It also discloses a method for 



wo 92/17490 



PCT/US92/02238 



-5- 

"treating~acquir^^ed inunu immunodeficiency virus by 

treamient with a catalytic antibody elicited with a hapten or immunogen. 

Patent Fast-Alert, w^k ending 22 February 1991, discloses phosphorylated glycosidase 
inhibitor prodrugs of desoxynojirimycin, which exhibit glycosidase inhibitory activity. They 
5 are useful in the treatment of gastrointestinal problems. 

U.S. Patent 4,407,794 describes peptides which are useful as analgesic and 
psychotropic agents which may have a phosphatidylethanolamine chain at the C-terminus. 

INFORMATION DISCLOSURE 
Chemical Abstract, Accession Number 84-027490/05, discloses spergualin 15-phosphate 
10 which is useful as a carcinostatic. 

European published application 0 338 372 discloses the N-phosphoryiation of basic 
nitrogenous drug compounds to produce pro-drugs with enhanced water solubility or lipid 
solubility or reduced toxicity. The compounds of the present invention are O-phosphorylated. 
Furthermore, no where does this reference teach or suggest the peptidic compounds of the 
15 present invention. 

U.S. Patent 4,663,310 discloses renin inhibitors containing 2-substituted statine and 
which may have a phosphate-substituted phenyl group at the C-terminus. 

U.S. Patents 4,298,523 and 4,369,137 disclose solution phase methods, intermediates, 
and compositions for prq)aring useful peptides wherein a phosphate group is used as an amino- 
20 protecting group, 

U.S. Patent 4,661,473 discloses renin inhibitory peptides which may have a phosphate 
group at the C-terminus or in the peptide chain as part of a modified amino acid residue. 

U.S. Patent 4,661,472 discloses pq)tides which may be useful to treat steroid-dependent 

tumors. 

25 A.A- Sinkula and S.H. Yalkowsky, J. of Pharm. Sci., Vol. 64, No.2, Feb. 1975, 

discloses phosphamide as a prodrug linkage to increase the absorption of the active drug. 

The Pq)tides by E. Schroder and K. Lubke, Vol. 1, Methods of Peptide Synthesis 
(1965), describes the preparation of O-phosphoryl-amino acids of pq^tides. 

In R.H. Hook, C.J. Eastwood and G.J. Wright, Drug Metabolism Review 4 (2), 249- 
30 265 (1975), showed that the phosphate ester of oxyphenbutazone is an effective prodrug capable 
of enhancing the plasma concentration of oxyphenbutazone in dogs. 

CLEOCIN PHOSPHATE® Sterile Solution and CLEOCTN T» Topical Gel, Topical 
Lotion and Topical Solution, which are useful as antibiotics, contain clindamycin phosphate, 
which is a water soluble ester of clindamycin and phosphoric acid. It is biologically inaaive 
35 and rapidly converted to active clindamycin. These drugs are currently manufactured and 
marketed by The Upjohn Company. See R.M. DeHaan, CM. Metzler. D. Schellenberg and 
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W.D. Vandenboecfa, J. Clin. Pharmacol. 13, 190 (1973), 

J.W. Perich and R.B. Johns, Aust. J. Chem,, 1990, 43, 1603-8, 1623-32, and 1633-42, 
describes the unexpected dephosphorylative reanangement of the simple phosphopeptides Ac- 
Ser(P03Bzl2>-NHMe and Ac-Ser-(P03H2)-NHMe; describes the phosphorotriester and 
5 "phosphite-triester" phosphorylation of protected serine-containing peptides; describes the global 
"phosphite-triester" phosphorylation of proteaed serine derivatives and peptides by using 
dibenzyl or di-t-butyl N,N-diethylphosphoraniidite; and describes the global "phosphite-triester" 
phosphorylation of multiple-serine-containing peptides by using dibenzyl N,N-diethyl- 
phosphoramidite. 

10 The following patent applications disclose pq)tides that are useful as renin inhibitors 

and HIV protease inhibitors which contain a (H0)2P(0)0-(CH2)ji-C(0)- group at the N- 
terminus: PCT International Publication Number WO 90/12804, published- 1 November 1990. 

European published applications 0 337 714 and 0 356 223 disclose HFV protease 
inhibitors which do not have an amino acid analog at the D-9 position in front of the transition 
15 state insert. These peptides may have phosphate-substituted aryl and Het groups in their 
transition state inserts, in the amino acid moieties occurring after their transition state inserts 
and at their C-terminus. They may also have phosphate-substituted alkyl and carbocyclic 
groups at their C-terminus. These applications also disclose peptides having a phosphate group 
in their peptide chain as part of a modified amino acid residue at their N-terminus and in their 
20 transition state inserts. However, no where do these applications disclose the phosphate groups 
of the present invention. 

T.A. Lyle, et al., J. Med. Chem., 34:1228-1230 (1991), discloses benzocycloalkyl 
amines, including aminohydroxyindane, as C-termini for HIV protease inhibitors. 

VJ. Stella, W.N.A. Charman and V.H. Naringrekar, Drugs 29:445-473 (1985), 
25 discloses that a prodrug is used to improve the aqueous solubility to allow intravenous 
administration of a drug. It also discloses phosphate prodrug. 

European Patent Application 0 346 847 discloses amino acid derivatives having an 
optionally substituted trimethyiene or tetramethylrae groups or which carries a fused 
cycloalkane, aromatic or beteroaromatic ring at the C*terminus. 
30 Chemical Abstracts I13:172751p discloses the preparation of peptide analogs, sudi as 

2,5,8,ll-teiraoxa-14,20-diazapentacosan-25-amide, 18,24-di-2-butenyl-N-butyl-15,21-bis- 
(cyclohexyhnetiiyl)-22-hydroxy-16,19-dioxo-13-thioxoIReg. No. 129525-29-7], as renin 
inhibitors. J. of Protein Chemistry, Vol. 10, No. 5, 1991, pages 553-563, discusses the 
characterization of recombinant human renin and discloses a renin inhibitor peptide A-65317 
35 with an N-terminus ether moiety. Besides having different utilities, these compounds are 
structurally far different from the compounds of the present invention, which may have an 
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rther-H^ontaining moiety at'the N-tei^^ 

Chemical Abstracts, Accession Nmnber 91-227903/31, discloses peptides having a 
modified polyethylene glyojl moiety at the N-terminus, for example, calcitonin GRP and 
elastase, which have prolonged activity. 

In Peptide Research, Vol. 4, No. 6 (1991), pages 334-339, d-gluconic acid and a- 
carboxymethyl polyethylene-glycol-w-methyl ether (PEG) were covalenUy bound at N«-ammo 
group of H-Phe-Arg-pNa for study purposes. 

The following references disclose the chemistry and biochemistry of biotin: J. -P. 
Bonjour, "Biotm" in The Handbook of Vitamins, 2nd Ed. 1991 (Ed. L. J. Machlin, Marcel 
Dekker/New York, pp. 393-427; Said, H, M. Biochem. J. 1991, 279, 671-674. 

The following published patent applications and patents disclose non-phosphate peptides 
that are useful as renin inhibitors: European published application 0 173 481 and U.S. Patent 
4,880,781; U.S. Patent 4,864,017 (having diol transition state inserts); European published 
application 0 364 493, published 25 April 1990, (having aryl acid derived moieties at the N- 
15 terminus); and European published application 0 397 779, published 22 November 1990, 
(having N-terminal polar end groups), 

PCT International Publication Number WO 91/06561, published 16 May 1991, 
discloses a m^od for treating HIV and other retroviruses and non-phosphate peptides useful 
therefor. 

20 SUMMARY OF THE INVENTION 

The present invention particularly provides: 
A compound of the formula I 

^i-C8-l^9-Eio-Fn-Gi2-z 

wherein Xj is 

25 



30 



35 



a) 


hydrogen. 


b) 


C1-C7 alkyi, 


c) 


-<CH2)p-aryl, 


d) 


-{CH2)p-Het, 


e) 


-(CH2)p-C3-C7cycloalkyl, 


f) 


R5-0-(CH2)q-C(0)-. 


g) 


R5^2-OC(0)-. 


h) 


Rs-o<:(0>, 


i) 


R5-(CH2)„-C(0)-, 


j) 


R5-(CH2)„-C(S)-. 


k) 


R4N(R4)-(CH2VC(0)-. 


1) 


R5-S02-(CH2)q-C(Oh 
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m) R5-S02-(CH2)q-0-C(0)-, 
n) R5-(CH2)n-S02, 
0) Z-C(0)-CH(0H)-CH(CH2Ri)-C(0)- 
p) R5-(CH2)pCH=CH-(CH2)p-C(OK 
q) R5(CH2)p CH=CH-(CH2)p-0-C(0), 
r) R27(CH2)q-C(0>, 
s) (OH)2(0)PO-aryl-(CH2)p-C(0>, 
t) (OH)2(0)PO-Het-(CH2)p-C(0)-, 
u) aiyl-(W,)j-(CH2)„-Wi-aryl-C(0)-. 
V) aryl-Wi-(CH2)„-Wi-(CH2)„-C(0>, 
w) Het-(CH2)n,-Wi-aryl-C(0h 
X) Cj-Cg aIkyl-CH(OH)-C(OK 
y) biotinoyl, 

z) biotinoyl-NH-(CH2)q-C(OK or 

al) 2-((4-((3aS-{3aa,4/8-6aa)]-IH-thieno-[3,4-d]imida2ole-2(3H)-on^yl)- 
pent-l-yl)-Wj-aryl.C(0)-; 
wherein Cg is absent or a divalent moiety of the formula XLj, XL2, XI^, XL21, or 
other amino acyl derivative; 

wherein D9 is Pro, absent or a divalent moiety of die formula XL3, XI^, Xl^j, or 
20 other amino acyl derivative; 

wherein Ejo-Fj j is a divalent moiety of the formula XLg, XLgb, XLe^, Xl^. XL^^, 
n, in, IV, XLfip, XLg^, XLfiep, XI^ccp. Hep. V, Vp, VI or VH; 

wherein G12 is absent or a divalent moiety of die formula XL4, XL^ or other amino 
acyl derivative; 
25 wherein Z is 



a) 




b) 


-N(R4)Ri4, 


c) 


C4-C3cyciic amino. 


d) 


-NHR,2o, 


e) 


-NH-(CH2)r pyridine (N-oxide), 


f) 


Het bonded via a nitrogen atom. 


g) 


-NH(CH2)qNH-Het, 


h) 


1-amino indanyl optionally substituted at the 2- or 3- position by one or 




two hydroxy or -0C(0)CH3, 


i) 


l-amino-2,3-cyclicmoiioiAosphate indanyl, or 


j) 


-NH-(CH2)q-CH=CH-(CH2)q-NH-Het; 
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wherein R is 

a) -(CHjVisopropyl, 

b) -(CU2)n-isobutyl, 

c) -(CH2)„-phenyl, or 

d) -(CH2)n-C3-C7Cycloalkyl; 
wherein Rj is 

a) hydrogen, 

b) Ci-Csalkyl, 

c) aryl, 

d) C3-C7cycloalkyl, 

e) -Het, 

f) Ci-C3alkoxy, or 

g) Cj-Cgalkylthio; 
wherein R2 is 

a) hydrogen, or 

b) -CHCR3)R4; 
wherein R3 is 

a) hydrogen, 

b) hydroxy, 

c) Ci-C5alkyl, 

d) Cj-Cycycloalkyl, 

e) aryl, 

f) -Het, 

g) Cj-Cjalkoxy, 

h) Cj-Cjalkylthio, or 

i) -OP(0)(OH)2; 

wherein R4 at each occurrence is the same or different as is 

a) hydrogen, 

b) Ci-Csalkyl, 



c) 
d) 
e) 
f) 



.(CH2)p-aryl, 
-(CH2)p-Het, 

-(CH2)p-C3-C7cydoalkyl, or 



wherein R5 is 



a) 
b) 



Cj-Cgalkyl, 
C3-C7cycloallcyl, 
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c) 


aryl. 




d) 


-B^ 




e) 


5-oxo-2-pyrrolIdinyI, 




0 


1 or 2-adaniantyl, 


5 


g) 


-aryl-OP(0)(OH)2, or 




h) 


-Het-0P(0)(0H)2; 




wherein R5 is 






a) 


hydrogen. 




b) 


Ci-Csalkyl, 


10 


c) 


-(CH2)p-atyI, 




d) 


-(CH2)p-Het, 




e) 


-(C3l2)p-C3-C7cycloalkyI, 




f) 


1- or 2-adamantyl, 




g) 


-(CH2)p-aryl-OP(0)(OH)2, 


15 


h) 


-(CH2)p-Het-OP(0)(OH)2, or 




i) 


-(C3i2)p-0P(0)(0H)2; 




wherein R-j is 






a) 


hydrogen. 




b) 


Cj-Csalkyl, 


20 


c) 


-{CH2)n-hydroxy, 




d) 


amino Ci-C4alky]-, 




e) 


guanidinyl C2-C3alkyl-, 




f) 


aryl. 




g) 


-Het, 


25 


h) 


methyldiio. 




i) 


-(CH2)p-C3-C7cycIoalkyl, 




j) 


amino. 




k) 


-(CH2)„-COOH, 




1) 


-(CH2)n-COOCj-C6 alkyl. 


30 


m) 


-(CH2)„-CONR22R26» 




n) 


-(CH2)o-OP(0)(OH)2, 




0) 


-aryl-0P(0)(0H)2, or 




P) 


.Het-0P(0)(0H)2; 




wherein Rg is 




35 


a) 


hydrogen 




b) 


Ci-C5aikyl, 
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c) 


hydroxy. 


d) 


aryl. 


e) 




f) 


guanidinyl Ci-C3alkyl-, 


g) 


-(CH2)p-C3-C7cycloalkyl, or 


h) 


-OP(0)(OH)2; 


wherein Rjq 


is 


a) 


hydrogen. 


b) 


Cj-C5alkyl, 


c) 


-(CH2),R,6, 


d) 


-(CH2),Rn. 


e) 


C3-C7cycloaIkyl, 


f) 


a pharmaceutically acceptable cation. 


g) 


-CH(R25)-CH2-Ri5, or 


h) 


-CH2-CH(Ri2)-Ri5; 


wherein R^j 


is -R or -R2; 



wherein R12 is -(CH2)n-R23; 



wherein R^j 


is 


a) 


aryl. 


b) 


amino. 


c) 


mono-, di- or tri-Cj-Cjalkylamino, 


d) 


-Het, 


e) 


Ci-Cjalkyl, 


f) 


C3-C7qrcloalkyI, 


g) 


Cj-Cjalkenyl, 


b) 


C3-C7cycloaikenyl, 


i) 


hydroxy. 


j) 


C|-C3alkoxy, 


k) 


Ci-Csalkanoyloxy, 


1) 


mercapto. 


m) 


Cj-Cjalkylthio, 


n) 


-COOH. 


0) 


-CO-O-Cj-Cgalkyi, 


P) 


-CO-0-CH2-(Ci-C3aIkyl>N(Ci-C3alkyI)2 


q) 


-CO-NR22R26: 


r) 


C4-C7cyclic amino. 
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s) 


C4-C7cycloalkylainino, 


t) 


gu?nidyl. 


u) 


cyano, 


V) 


N-cyanoguanidyl, 


w) 


cyanoamino. 




(hydroxy C2-C4aIkyl)amino, or 


y) 


di-{hydroxyC2-C4alkyl)amino; 


wherein Rj4 


is 


a) 


hydrogen. 


b) 


Cj-Cioalkyl, 


c) 


-(CH2)n-Ri8' 


d) 


-(CH2)n-Ri9, 


e) 


-CH(R25H^H2-Ri5, 


f) 


-(CH2)q-CH(Ri2)-Ri5. 


g) 


(hydroxy Ci-CgalkyI), 


h) 


hydroxy Cj-Cg alkyl-aryl, or 


i) 


(Ci-Cq alkoxy) CiCo alkyl; 


wherein R}5 


is 


a) 


hydroxy. 


b) 


Cj-C-^cycloalkyl, 


c) 


aryl. 


d) 


amino. 


e) 


mono-, di-, or tri-C2-C3alkylamino, 


f) 


mono- or di-(hydroxy C2-C4alkyI)amino, 


g) 


-Het, 


h) 


Cj-C3alkoxy-, 


0 


C2-C3aIkanoyloxy-, 


j) 


mercapto. 


k) 


Ci-<:3aIkylthio-, 


1) 


Ci-C5alkyl, 


m) 


C4-C7cyclic amino. 


n) 


C4-C7cycloalkylamino, 


0) 


Ci-C5aIkenyloxy, or 


P) 


C3-C7cycloaikenyI; 



35 w^CTein R|5 is 

a) aryl, 



PCT/US92/02238 



wo 92/17490 



PCT/US92/02238 



b) amino, 

c) mono- or di-(Ci-C3aIkyl)amino, 

d) hydroxy, 

e) C3-C7cycloalkyl, 

f) C4-C7cycl2c amino, or 

g) Cj-C3alkanoyIoxy; 
wherein Rj^ is 





a) 


-Het, 




b) 


C.-Csalkenyl, 


10 


c) 


C3-C7CycIoalkenyl, 




d) 


Ci-C3alkoxy, 




e) 


mercapto, 




f) 


C|-C3alkylthio, 




g) 


-COOH, 


15 


h) 

i) 


-CO-O-Ci-Cralkvl 

-C0-0-CH2-(C , -CqalkylVNrC i -Coalkvl V, 




j) 


-CO-NR22R26. 




k) 


tri-Ci-Cjalkylamino, 




1) 


guanidyl. 


20 


m) 


cyano. 




n) 


N-cyanoguanidyl, 




0) 


(hydroxy C2-C4aIkyl)amino, 




P) 


di-(hydroxy C2-C4aIkyl)amino, or 




q) 


cyanoamino; 


25 


wherein Rjg 


is 




a) 


amino. 




b) 


mono-, or di-(Cj-C3alkyl)amino, 




c) 


C4-C7cyclic amino. 




d) 


C4-C7cycloalkylaniino, or 


30 


e) 


-CH(NH2)(C02H); 




wherein R29 


is 




a) 


aryl. 




b) 


-Het, 




c) 


tri-Cj -C3aIkylamino, 


35 


d) 


C3-C7cycloaIkyl, 




e) 


C2-C5aJkenyI, 
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f) C3-C7cycloalkenyl, 

g) hydroxy, 

h) Ci-C3alkoxy, 

i) Cj[-C3allcanoyloxy, 
5 j) mercapto, 

k) Ci-C3alkyIthio, 

1) -COOH, 

m) -COO-Ci-Cgalkyl, 

n) -CO-0-CH2-(Ci-C3alkyl)-N(Ci-C3alkyI)2, 

10 o) -CO-NR22^26» 

p) guanidyl, 
q) cyano, 
r) N-cyanoguanidyl, 
s) cyanoamino, 
15 t) (hydroxy C2-C4alkyl)amino, 

u) di-(hydroxy C2-C4alkyl)amino, or 
v) -SO3H; 
A^erein R20 is 

a) hydrogen, 
20 b) Ci-C5alkyl, or 

c) aryl-Ci-Cgalkyl; 
wherein R22 is 

a) hydrogen, or 

b) Ci-C3alkyl; 
25 wherein R23 is 

a) -{CH2)n-0H, 

b) -<CH2)„-NH2, 

c) aryl, 

d) Cj-C3alkyl, or 

30 e) -(CH2)„-OP(0)(OH)2; 

wherein R24 is 

a) -Rj. 

b) -(CH2VOH. 

c) -(CH2)„-NH2, or 

35 d) -(CH2)n-OP(0)(OH)2; 

wiierein R25 is 
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a) '-{CH2VR13' 

b) hydrogen, 

c) Cj-<;:3alkyl, or 

d) phenyl-Ci-Cjalkyl; 
5 wherein R25 is 

a) hydrogen, 

b) Ci-Cgalkyl, or 

c) phenyl-Ci-C3alkyl; 
wherein R27 is 

10 a) -COOH, 

b) -COOCj-Cg alkyl, 

c) -CONR22R26, 

d) -CH(NH2)COOH, or 

e) hydroxy; 

15 wherein R3Q and R32 together represent a trimethylene or tetramethylene group which 

is optionally substituted by hydroxy, alkoxycarbonyiamino or acylamino or in which one -CH^ 
group is replaced by -NH-, -N(alkoxycarbonyl)-, -N(acyl)- or -S- or which carries a fused 
cycloalkane, aromatic or heteroaromatic ring; 
wherein ^i2q is 



20 


a) 


Rl26C[{CH2)qORi2i]2(CH2)q-, 




b) 


a moiety of Formula XXX, 




c) 


a moiety of Formula XXXI 




d) 


-CH2(CHORi2i)xCH20Ri2i, 




e) 


Rl2iOCH2(CHORi2i)yCH-(CHORi2i)zCH20R 


25 


f) 


a moiety of Formula XXXn, or 




g) 


Rl2iOCH2-C(CH20Ri2i)2-; 




wherein ^121 


is 




a) 


hydrogen. 




b) 


Ci-Cfialkyl, 


30 


c) 


-(CH2)n-aryl, or 




d) 


-C(0)Ri23; 




wherein R]23 


is 




a) 


CJ-C5 alkyl, or 




b) 


-<CH2)„-phenyl; 


35 


wherein Rj26 


is 




a) 


hydrogen, or 
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b) (CH2)„ORi2i; 
wherein Rjjg is 

a) hydrogen, or 

b) -(CHORi2i)tCH20Ri2i; 
5 wherein Q is 

a) CH2, 

b) CH0Ri2i, or 

c) C(0); 
wherein Wj is 

10 a) -0-, or 

b) -S-; 
wherein j is zero or one; 
wherein m is one to three, inclusive; 

wherein for each occurrence n is indq)endently an integer of zero to six, inclusive; 
15 wherein p is zero to two, inclusive; 

wherein q is an integer of one to six, inclusive; 
wherein r is zero to five, inclusive; 

who-eui s is an integer of zero or one so that the sum of u plus v plus s is three or 

four; 

20 wherein t is an integer of zero to diree, inclusive; 

wherein u is an integer of zero to three, inclusive; 

wherein v is an integer of zero to four, inclusive; 

wherein w is an integer of two or three; 

wherein x is an integer of two to seven, inclusive; 
25 wherein y is an integer of zero to six, inclusive; and 

wherein 2 is an integer of zero to six so that the sum of y plus z does not exceed six; 

wherein aryl is phenyl or n^hthyl substituted by zero to three of the following: 





a) 


Ci-Cjalkyl, 




b) 


hydroxy. 


30 


c) 


C2-C3alkoxy, 




d) 


halo. 




e) 


amino. 




f) 


mono- or di-Cj-C3alkylamino, 




g) 


-CHO, 


35 


h) 


-COOH, 




i) 


COOR26. 
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j) 


CONHR26, 


k) 


nitro, 


I) . 


merpapto. 


m) 


Cj-Cjalkylthio, 


n) 


Cj-Cjalkylsulfmyl, 


0) 


Ci-C3alkylsulfbnyl, 


P) 


-N(R4)-Ci-C3allcylsulfinyI, 


q) 


-SO3H, 


r) 


SP2NH2, 


s) 


-CN, 


t) 


-CH2NH2, 


u) 


-0[(CH2)20]_CH3, 


V) 


-[CHCH2)2lq-OCH3, 


w) 


-[0-(CH2)2]q-NR22R26. 




-[CHCH2)2]q-Het. or 


y) 


-CK:(0)-Cj-C3 alkyl; 



wherein -H« is a 5- or 6-membered saturated or unsaturated ring containing from one 
to three heteroatoms seleaed from the group consisting of nitrogen, oxygen, and sulfur; and 
including any bicyclic group in whidi any of the above heterocyclic rings is fused to a benzene 
20 ring or another heterocycle and the ring may be conneaed through a carbon or secondary 

nitrogen in the ring or an exocyclic nitrogen; and if chemically feasible, the nitrogen and sulfur 
atoms may be in the oxidized forms; and substituted by zero to three of the following: 





a) 


Ci-Cjalkyl, 




b) 


hydroxy, 


25 


c) 


hydroxy (Cj-CjalkyI), 




d) 


halogen. 




e) 


amino. 




0 


amino (Cj-C^alkyl), 




g) 


-CHO, 


30 


h) 


-CO2H, 




i) 


-COzKCi-Cyalkyl), 




j) 


-CONH2» 




k) 


-CONH-CCi-Cjalkyl). 




1) 


nitro. 


35 


m) 


mercapto. 




n) 


mercapto (Cj-C5alkyl), 
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0) -SO3H, 
p) -SO2NH2, 
q) -CN, 

r) -0-C|-C5alkyI, or 
5 s) -(0-(CH2)2]q-OCH3; 

and pharmacologically acceptable salts thereof; 
with the provisos that: 

1) at least one phosphate group must be present; and 

2) no more than three phosphate groups are present. 

10 By "amino acyl derivatives" is meant any of the naturally occurring amino acids such 

as: glycine, alanine, valine, leucine, isoleucine, phenylalanine, lysine, proline, tryptophan, 
methionine, serine, threonine, cysteine, tyrosine, asparagine, glutamine, aspartic acid, glutamic 
acid, arginine, ornithine, and histidine, and synthetic derivatives thereof. These compounds 
may be in the L or D configuration and are well known and readily available to those skilled in 
15 the art. It also includes the phosphate ester of serine, threonine, and tyrosine. 

In this invention, phosphate monoesters include the phosphate esters of alkanols and 
hydroxy-substituted aromatic and heterocyclic moieties. Phosphate diesters include the cyclic 
phosphate esters derived from dihydroxy alkanes in which the hydroxyl groups are on adjacent 
carbons (1,2-diols) or on carbons separated by one carbon atom (1,3-diols). 
20 Poor solubility of HIV protease inhibitory pepddes/peptidimimetic wiAin patients is a 

substantial problem. The present invention provides for the O-phosphorylation of compounds 
to produce pro-drugs with enhanced water solubility, bioavaUability, improved absorption, 
increased duration of action, or reduced toxicity. The pro-drugs are hydrolyzed in the body, 
regeneratmg the original parent) drugs with the release of a salt of phosphoric acid. 
25 Susprisingly and unexpeaedly, the parent compounds of the compounds of the present 

invention are effective and potent inhibitors of HIV protease. They have also been found to 
inhibit HIV protease in cell cultures, as described below. Therefore, the parent compounds of 
the compounds of formula I inhibit retroviral proteinases and thus inhibit the replication of the 
virus. They are useful for treating patients infected with human immunodeficiency virus (HIV) 
30 which results in acquired immunodeficiency syndrome (AIDS) and related diseases. The parent 
compounds have low to moderate renin inhibitory activity but are surprisingly and unexpectedly 
potent retroviral protease inhibitors. 

Thus, both the parent compounds and the pro-drug compounds of the present invention 
are useful as retroviral protease inhibitors. 
35 Examples of the parent compounds of the present invention include: 
A compound of the formula I 
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Xj-Cg-Dp-EiQ-Fii-Gij-Z 



wherein Xj is X2-[(CH2)2-OJjj,-aryl^>(CH2)^-C(0)-; 



5 



wherein X2 is ^ 

a) H3CO-, 

b) (R4)2N-, or 

c) Het; 



10 



wherein m is five or six; 

wherein n is zero to six, inclusive; 

wherein Cg is absent; 

wherein D9 is the moiety XL3; 

wherein Ejo-Fn is the moiety XL^ or H; 

wherein is absent or is the moiety XL4; 

wherein Z is 



15 



a) 
b) 



-N(R4)2, or 
-NHX3; 



wherein X3 is 

a) -(CH2)n-Het, 

b) -(CH2)„-aryi, or 

c) l-amino indanyl optionally substituted at the 2- or 3- position by one or 
two hydroxy or -OC(0)CH3; 

wherein aryl is phenyl or naphtfayl; 

wherein -H^ is a 5- or 6-membered saturated or unsaturated ring containing from one 
to three heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur; and 
including any bicyclic group in which any of the above heterocyclic rings is fused to a benzene 
ring or anoth^ heterocycle and the ring may be connected through a carbon or secondary 
nitrogen in the ring or an exocyclic nitrogen; 

wherein R| is 



b) C3-C7 cycloalkyi, or 

c) C1-C5 alkyl; 
wherem R4 is 

a) hydrogen, or 

b) C1-C5 alkyl; 
wherein Ry is 



a) 



phenyl. 



35 



a) 
b) 



hydroxy, 
Het, or 
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c) Cj-Cj alkyl substituted by zero to thr e hydroxy; 
wherein Rg is 

a) C1-C5 alkyl, 

b) Het, or 
5 c) aryl; 

wherein is 

a) -{CH2)n- phenyl, 

b) -(CH2)n-C3-C7 cycloalkyi, or 

c) C1.C5 alkyl; 

10 and pharmacologically acceptable salts thereof. 

The peptides of the present invention are useful as novel human retroviral protease 
inhibitory peptide analogs. Therefore, the peptides inhibit retroviral proteases and thus inhibit 
the replication of the virus. They are useful for treating human patients infected with a human 
retrovirus, such as human immunodeficiency virus (strains of HIV-l or HIV-2) or human T-cell 
15 leukemia viruses (HTLV-I or HTLV-II) which results in acquired immunodeficiency syndrome 
(AIDS) and/or related diseases. 

The capsid and replicative enzymes (i.e. protease, reverse transcriptase, integrase) of 
retroviruses are translated from the viral gag and pol genes as polyproteins that are further 
processed by the viral protease (PR) to the mature proteins found in the viral capsid and 
20 necessary for viral functions and replication. If the PR is absent or nonfunctional, the virus 
camiot replicate. The retroviral PR, such as HTV-l PR, has been found to be an aspartic 
protease with active site charaaeristics similar to those exhibited by the more complex aspartic 
protease, r^iin. 

Tlie term human retrovirus (HRV) includes human immunodeficiency virus type I, 
25 human immunodeficiency virus type II, or strains thereof, as wdl as human T cell leukemia 
virus 1 and 2 (HTLV-1 and HTLV-2) or strains apparent to one skilled in the art, which belong 
to the same or related viral families and which create similar physiological effects in humans as 
various human retroviruses. 

Patients to be treated would be those individuals: I) infected with one or more strains 
30 of a human retrovirus as detennined by the presence of either measurable viral antibody or anti- 
gen in the serum and 2) in the case of HIV, having either an asymptomatic HIV infection or a 
symptomatic AIDS defining infection such as i) disseminated histoplasmosis, ii) isopsoriasis, iii) 
bronchial and pulmonary candidiasis including pneumocystic pneumonia iv) non-Hodgkin's 
lymphoma or v) Kaposi's sarcoma and being less than sixty years old; or having an absolute 
35 CD4-f lymphocyte count of less than 500/nmi^ in the peripheral blood. Treatment would 
consist of maintaining an inhibitory level of the peptide used according to this invention in the 
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patient at all times and would continue until the occurrence of a second symptomatic AIDS 
defining infection indicates alternate ther^y is needed. 

More specifically, jn example of one such human retrovirus is the human 
immunodeficiency virus (HIV, also known as HTLV-m or LAV) which has been recognized as 
5 the causative agent in human acquired immunodeficiency syndrome (AIDS), P. Duesberg, Proc. 
Natl. Acad. Sci. USA, 86:755 (1989). HTV contains a retro viral encoded protease, HIV-I 
protease, that cleaves the fusion polypeptides into the functional proteins of the mature viral 
particle, E.P. Lillehoj, et al., J. Virology, 62:3053 (1988); C. Debuck, et al., Proc. Natl. 
Acad. Sci., 84:8903 (1987). TTiis enzyme. HIV-I protease, has been classified as an aspartyl 
10 protease and has a demonstrated homology to other aspartyl proteases such as renin, L.H. 
Pearl, et al.. Nature 329:351 (1987); I. Katoh. et al.. Nature 329:654 (1987). Inhibition of 
HIV-I protease blocks the rq)lication of HTV and thus is useful in the treatment of human 
AIDS, E.D. Clerq, J. Med. Chem. 29:1561 (1986). Inhibitors of HIV-I protease are useful in 
the treatment of AIDS. 

Pepstatin A, a general inhibitor of aspartyl proteases, has been disclosed as an inhibitor 
of mV-I protease, S. Seelmeier, et al., Proc. Nad. Acad. Sci. USA, 85:6612 (1986). Other 
substrate derived inhibitors containing reduced bond isosteres or statine at the scissle position 
have also been disclosed, M.L. Moore, et al., Biochem. Biophys, Res. Commun. 159:420 
(1989); S. BUlich, a al„ J. Biol. Chem. 263:17905 (1988); Sandoz, D.E. 3812-576-A. 

Thus, the pqitides of the present invention are useful for treating diseases caused by 
retroviruses, such as human acquired immunodeficiency disease syndrome (AIDS). 

The peptides are also useful for treating non-human annnals infected with a retrovirus, 
such as cats infected with fdine leukemia vims. Other viruses that infea cats include, for 
example, feline infections peritonitis vims, calicivims, rabies vims, feline immunodeficiency 
25 vims, feline parvovirus (panleukopenia virus), and feline chlamydia. Exact dosages, forms and 
modes of administration of the peptides of the present invention to non-human animals would 
be apparent to one of ordinary skill in the art, such as a veterinarian. 

The parent compounds and the phosphate prodrag compounds of formula I of the 
present invention are prq)ared as described in the Preparations and Examples below, or are 
prq)ared by methods analogous thereto, which are readily known and available to one of 
ordinary skill in the an of pq)tide synthesis. 

CHART A 

Chart A describes the preparation of the cyclic phosphate 1-Naphthoxyacetyl-L-histidyl- 

5S-amino-6-cyciohexyl-3R,4R-0,0-hydroxyphosphoryl-2R-isopropyI-hexanoyl-L-isoleucyl-2- 
35 pyridylmethylamide (Formula A-3). 

The solubUity of compound A-1 in teo^ydrofuran is enhanced with anhydrous lithium 



20 



30 
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chloride and its reaction with di-f^/T-butyl N,N-diethylphosphoramidite in the presence of IH- 
tetrazole gives the cyclic phosphite. Oxidation with m-cbloroperbenzoic acid of this 
intermediate gives the corresponding cyclic phosphate A-2. The rm-butyl phosphate ester is 
removed with hydrochloric acid to give the desired cyclic phosphate A-3. 
5 CHART B 

Chart B describes the preparation of the phosphate peptide 1-Naphthoxyacetyl-L- 
histidyl-5S-amino-6-cydohexyl-4S-hydroxy-2S-isopropyI-hexanoyI-0-phosphate-L-seryl-2-pyrid- 
ylmethylamide (Formula B-10). 

Coupling of Boc-serine (B-1) with 2-pyridyImethylamine (B-2) with BOP reagent gives 

10 the adduct B-3. The /m-butyloxycarbonyl group is removed with trifluoroacetic acid and the 
resulting amine isolated as the bis trifluoroacetate salt (B-4). This amine is coupled to the 
known acid 5S-rm-butyloxycarbonylamino-4S-fCTr-butyldimethylsilyloxy-6-cyclohexyl-2S- 
isopropyl-hexanoic acid using BOP reagent to give compound B-5, The rerf-butyloxycarbonyl 
group is r^oved with trifluoroacetic acid and the resulting amine B-7 is coupled to 1- 

15 naphthoxyacetyl-N™rfm-butyloxycarbonyl-L-histidine (B-6) using BOP reagent to give 
compound B-8. 

Reaaion with di-^e/r-butyl N,N-diethylphosphoramidite in the presence of IH-tetrazoIe 
gives the di-rm-butylphosphate B-9. Acid hydrolysis removed the fm-butyloxycarbonyl group, 
the rm-butyldimethylsilyl group, and the di-rm-butylphosphate groups to give the desired 
20 compound B-10. 

CHART C 

Chart C describes the preparation of the parent peptide CyciohexanecarbonyMS-amino- 
6-cyclohexyl-3R, 4R-dihydroxy-2R-ispbutyI-hexanoyI-L-isoleucyl-2-pyridylmethyIamide. 

An aldol addition reaction between the alddiyde C-1 and the oxazolidinone C-2 using 
25 dibutylboron trifiate and diisopropylethylamine gives the adduct C-3. Hie chiral auxialiary is 
removed by basic hydrolysis with lithium hydroxide and hydrogen peroxide to give the acid C- 
4. This acid C-4 is condensed with the amine L-isol»icyl-2-pyridylmetfaylamide C-5 using 
diethylphosphoryl cyanide and diisopropylethyl amine to give the product C-6. The protecting 
groups are removed with hydrogen chloride which is generated from ac^l chloride in 
30 methanol to give the amine C-7. Condensation of cydohexylcarboxylic acid with the amine C- 
7 using diethylphosphoryl cyanide and diisopropylethyl amine gives the peptide C-8. 

CHART D 

Chart D describes the preparation of the parent peptide N-(4-Quinolinyl)oxyacetyl-5S- 
anMno-6-cydohexyMS-hydn)xy-2S-isopropyl-hexanoyl-L-isoleucyl-2-pyridylmethylamide 
35 (Formula D-5). 
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4-Hydroxyqumoline D-1 is alkylated with rm-butyl-bromoacetate using potassium 
hydride to give compound D-2. The rerr-butyl ester protecting group is removed with trifluoro- 
acetic acid to give the free jcid D-3. Condensation of this acid D-3 with the amine 5S-amino- 
6-cyciohexyMS-hydroxy-2S-isopropyl-hexanoyI-L-isoIeucyI-2-pyridylmethylamideD-4 using 
5 diethylphosphoryl cyanide and diisopropylethylamine gives the desired pq)tide D-5. 

CHART E 

Chart E describes the preparation of the parent peptides 3R-Quinuclidineaminocarbonyi- 
5S-amino-6-cycIohexyl-3R,4R^ihydroxy-2R-isopropyI-hexanoyl-L-isoleucyl-2-pyridylmethyl- 
amide (Formula E-3) and 3S-QuinuclidmeaminocarbonyI-5S-amino-6-cyclohexyl-3R,4R-dihyd- 
10 roxy-2S-isopropyl-hexanoyl-L-isoleucyI-2-pyridylmethylamide (Formula E-4). 

3-Aminoquinuclidine dihydrochloride is neutralized with sodium hydroxide to give the 
free base E-l. This amine E-1 is treated with p-nitrophenylchloroformate and the resulting 
material reacted with 5S-amino-6-cyclohexyI-3R,4R-<iihydroxy-2R-isopropyl-hexanoyl-L- 
isoleucyl-2-pyridylmethylamide E-2 and diisopropylethylamine to give the two isomeric peptides 
15 E-3 and E-4. 

CHARTS F - L 

These charts are described in the corresponding prq)arations and examples below. 

CHART M 

Chart M describes the prqjaration of a biotinol C-terminus segment for coupling to the 
20 transition state insert. This segment is used in the pr^aration of 2-((4-([3aS'-(3aa,4i8,6aa)]-lH- 

thienoP,4-ii]imidazoI-2(3/0-on-4yl)pent-l-yl)oxy)ben2oyl-55-amino-^^ 

dihydroxy-2i?isopropyl-hexanoyl-L-isoleucinyI-2-aminomethylpyridine. 

The compound M-1, which is commercially available or prepared by procedures 

described in K. N. Parameswaran, Org, Prep. Proc. Intl. 1990, 22, 119-121, is converted to 
25 the compound M-2, by using NaBH4/THF/HMPA. The compound M-2 is reacted with Mesyl 

CI, pyridine to obtain the compound M-3. The compound M-3 is reacted with the compound 

M-4, which is commercially available, in the presence of K2CO3/DMF to obtain the compound 

M-5. The compound M-5 is reacted with NaOH/MeOH to achieve the C-terminal segment M- 

6. 

30 By a procedure analogous to that described above, the N-terminal segment, used in the 

preparation of 2-<(4-([3a5-(3aa,4/S,6aa)]-l/r-4hieno[3,4^umdazol-2(3f0^ 

yl)thio)benzoyl-55-aniino-6-cyclohexyl-3/f,4/f-^ihydroxy-2i?isopropyNhexanoyI-L-^^ 
amino-2-(4-metfaylthia2ol-5yl)ethane, is prqiared. 

CHART N 

35 Chart N describes the preparation of the methylthiazole C-termini for coupling to the 

transition-state insert segment. The segment N-4 is used in the preparation of 2-(2-(4- 
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methylthiazol-5-yl)ethyl)oxy)benzoyl-55-amino-6-cycIohexyI3i?,4/?-dihydro 
hexanoyl-L-isoleucinyI-2ammoinethylpyridineand 2-(2-(4-methylthiazol-5-yl)ethyl)oxy)benzoyl 
55-amino-6-cyclohexyl3i?,4i?Klihydroxy-2/?-isopropyl-hexanoyl-L-isoleucinyl-l- 
aminoethyI(4methylthia2ole). The segment N-9 is used in the preparation of 2-(2-(4- 
5 niethylthiazol-5-yl)ethyI)thio)benzoyl-5J-aniino-6cyclohexyl-3/f,4i?-dihydroxy-2i?-isopropyl- 
hexanoyl-L-isoleucinyl-2aminomethylpyridineand 2-(2-{4-methylthiazol-5-yl)ethyl)thio)ben2oyl 
5S-aniino-6cyclohexyJ-3i?,4/?-dihydroxy-2i?-isopropyl-hexanoyl-L-isoleucinyl laminoethyl(4- 
methylthiazole). 

The compound N-I is reacted with the compound N-2, both of which are commercially 
10 available, in the presence of: PrO2CN=NC02iPr/PPh3yTHF, to obtain the compound N-3. 
The compound N-3 is reacted with NaOH/MeOH to achieve the compound N^. 

The compound N-5, which is commercially available, is reacted with PBr3/pyridine to 
obtain the compound N-6. The compound N-6 is reacted with the compound N-7, in the 
presence of K2CO3/DMF to obtain the compound N-8. The compound N-8 is converted to the 
15 compound N-9 by using NaOH/MeOH. 

CHART 0 

Chart O describes the preparation of the (3R,4R)-Leu ^{f [CH(OH)CH(OH)] Dehydroleu 
msert by a diastereoseieaive aldol (D.A. Evans, et al.. Tetrahedron Lett, 1986, 27, 4957- 
4960), C-terminus funcdonalization and protecting group removal. 
20 ThQ compound O-l is reacted with (EtO)2P(0)CH2C02Et/NaH (S.V, Kellar, et al., 

Syn. Commun. 1990, 20, 839) to obtain the compound 0-2 (Reg. No. 2351-97-5). The 
compound 0-2 is converted to the compound 0-3 (Reg. No. 16666-43-6) by using NaOH/ 
H2O. The compound 0-3 is reacted first widi (000)2 BuLi, compound 0-4 

(Reg. No. 77943-39-6) to give the compound 0-5. The compound 0-5 is reacted first with 
25 BuOTf, then with NEtj and finally with the compound 0-6 (Reg. No. 107599-97-3) 
(Thaisrivongs, et ai., J. Med. Chem. 1987, 30, 976) to yield the compound 0-7. The 
compound 0-7, reacted with LiOH, gives the compound 0-8. The compound 0-8 is reacted 
with the compound 0-9 using (Et02)P(0)CN to give the compound O-IO. The compound O- 
10 is converted to the compound O-l 1 by means of acid solvolysis. This insert 0-1 1 may then 
30 by coupled to the amino terminus segment of a peptide by procedures readily known and 
available to one of ordinary skill in the peptide synthesis art. 

As is apparent to those of ordinary skill in the art, the compounds of the present 
invention can occur in several diastereomeric forms, depending on the configuration around the 
asymmetric carbon atoms. All such diastereomeric forms are included within the scope of the 
35 present invention. Preferably, the stereochemistry of the amino acids corresponds to that of the 
naturally occurrmg amino acids. 
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The present invention provides for impounds of formulaT or pharmacologically ^ 
accepuble salts and/or hydrates thereof. Pharmacologically acceptable salts refers to those salts 
which would be readily apparent to a manufacturing pharmaceutical chemist to be equivalent to 
the parent compound in properties such as formulation, stabUity, patient acceptance and 
5 bioavailablility. 

The compounds of the present invention are usefid for treating patients infeaed with 
human immunodeficiency virus (HIV) which results in acquired immunodeficiency syndrome 
(AIDS) and related diseases. For tiiis indication, they are administered by oral, nasal, 
transdermal and parenteral Cmciuding i.m. and i.v.) routes in doses of 1 mg to 100 mg/kg of " 
10 body weight. 

TTiose skilled in the art would know how to formulate the compounds of this invention 
into appropriate pharmaceutical dosage forms. Examples of the dosage forms include oral 
formulations, such as tablets or capsules, or parenteral formulations, such as sterile solutions. 
When the compounds in this invention are administered orally, an effective amount is 
15 from about 1 mg to 100 mg per kg per day. Either solid or fluid dosage forms can be prepared 
for oral administration. Solid compositions are prepared by mixing the compounds of this 
invention widi conventional ingredients such as talc, magnesium stearate, dicalcium phosphate, 
magnesium aluminum silicate, calcium sulfate, starch, lactose, acacia, methyl cellulose, or 
functionally similar pharmaceutical diluents and carriers. Capsules are prepared by mixing the 
20 compounds of this invention with an inert pharmaceutical dUuem and placing the mixture into 
an appropriately sized hard gelatin capsule. Soft gelatin capsules are prepared by machine 
encapsulation of a slurry of the compounds of this invention widi an acceptable mert oU such as 
vegetable oU or light liquid petrolatum. Syrups are prepared by dissolving the compounds of 
this invention in an aqueous vehicle and adding sugar, aromatic flavoring agents and preserva- 
25 tives. Elixirs are prepared using a hydroalcoholic vehicle such as edianol, suitable sweeteners 
such as sugar or saccharin and an aromaUc flavoring agent. Suspensions are prepared widi an 
aqueous vehicle and a suspending agent such as acacia, tragacanth, or mediyl cellulose. 

When the compounds of diis invention are administered parenterally, diey can be given 
by injection or by intravenous infusion. An effective amount is from about 1 mg to 100 mg 
30 per kg per day. Parenteral solutions are prepared by dissolving the compounds of this inven- 
tion in water and filter sterilizing the solution before placing in a suitable sealable vial or 
anqjule. Parenteral suspensions are prq)ared in substantially the same way except a sterile 
suspension vehicle is used and the compounds of this invention are sterilized with ethylene 
oxide or suitable gas before it is suspended in die vdiicle. 
35 The exao route of administration, dose, or frequency of administration would be 

readily determined by those skilled in die art and is dependant on the age, weight, general 
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physical condition, or other clinical symptoms specific to the patient to be treated. 

Patients to be treated would be those individuals: 1) infected with one or more than 
one strain of a human immunodeiiciency virus as determined by the presence of either 
measurable viral antibody or antigen in the serum and 2) having either an asymptomatic HIV 
5 infection or a symptomatic AIDS defining infection such as i) disseminated histoplasmosis, ii) 
isoporiasis, iii) bronchial and pulmonary candidiasis including Pneumocystis pneumonia, iv) 
non-Hodgkin*s lymphoma, or v) Kaposi's sarcoma and being less than sixty years old; or 
having an absolute CD4+ lymphocyte count of less than 500/mm^ in the peripheral blood. 
Treatment would consist of maintaining an inhibitory level of the compounds of this invention 
10 in the patient at all times and would continue until the occurrence of a second symptomatic 
AIDS defining infection indicates alternate therapy is needed. 

The utility of rq)resentative compounds of the present invention has been demonstrated 
in several biological tests as described below. 

The HIV-1 protease has been expressed in E. coli, isolated, characterized and used to 
15 determine the mhibitory constants (Kj) of potential inhibitory compounds as follows: 

The synthetic peptide H-Val-Ser-Gln-Asn-Tyr-Pro-Ile-Val-OH serves as the substrate 
for the measurement of HIV-1 protease activity. This pq)tide corresponds to the sequence from 
residue 128 to 135 in the HIV gag protein. Qeavage of the synthetic pq)tide, as well as the 
gag protem, takes place at the Tyr-Pro bond. HIV-1 protease activity is measured at 30**C in 
20 50 mM sodium acetate, pH 5.5, containing 10% glycerol, 5% ethylene glycol, 0,1% Nonidet 
P-40 and 2.8 mM substrate in a total volume of 50 A&ec 30 minutes of incubation, 75 pi 
of 1% trifluoroacetic acid (TFA) is added and the reaction mixnire subjected to HPLC analysis. 
HPLC is carried out with a Vydac Cjg column (0.46 x 15 cm), elutmg with a linear gradient of 
0-30% acetonitrile over a period of 25, minutes at a flow rate of 1,0 ml/minute. 
25 The values of representative compounds of the present invention are listed in the 

preparations below. 

Some of the compounds of the present invention have been further evaluated in a CV-1 
cellular assay described below, ^ere it was demonstrated that the retrovirus-inhibiting effect 
was due to die inhibition of HIV-l protease. 

30 CV-1 cells were seeded at 2 x 10*^ cells/well in 24 well Costar dishes and infected 6 to 

12 hours later with vVK-1 at 5 PFU/cell (V. Karacostas, et al., "Human Immunodeficiency 
Virus-Like Particles Produced by a Vaccinia Vims Expression Vector (retrovinis/AIDS/vbus 
assembly/reverse transcriptase," Proc. Natl. Acad. ScL, USA, 1989). The test compounds 
were dissolved in DMSO containing 2.5% fetal bovine serum and added to triplicate wells 

35 immediately after vims addition. Twenty-four hours after infection the culture medium was 
removed, the monolayer washed with 1 ml of PBS and the cells lysed by the addition of 0.1 ml 
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of loading buffer (62.5 mM fris-H CI pH 6.8, 2J% 805^5% B-mercaptoethanoU 10% 
glycerol). The cells lysates were collected individually, placed in boiling water for 3 minutes, 
and then 0.025 ml of each ig subjected to electrophoresis on 12% SDS-polyacrylamide gels. 
The proteins were electroblotted onto nitrocellulose and analyzed by Western blotting. The 
5 primary antibodies were sheep antl-Pr24 and sheep anti-Prl7 and the secondary anUbody in 
both cases was alkaline-phosphatase conjugated rabbit-anti sheep IgG (all obtained from 
Kirkegaard & Perry Laboratories, Gaithersburg, MD). 

Test compounds significandy inhibited proteolysis of the HIV-1 gag polyprotein (Pr55) 
to the mature viral structural proteins Pr24 and Prl7 in the above cells infeaed with the 
10 recombinant vaccina virus expressing the HIV-1 gag-pol genes. The HIV-1 like particles 
released from inhibitor-treated cells contained almost exclusively Pr55 and other gag 
precursors, but not Pr24. 

The % inhibition values of representative compounds are listed in the examples below. 
The following compounds of the present invention are preferred: 
15 l-naplitJioxyacetyl-0-phosphoryl-L-threonyl-5S-amino-6-cycIohexyMS-hydroxy-2S- 
isopropyI-hexanoyl-L-isoleucyl-2-aminomethylpyridine, dipotassium salt; or Noa-O-P03K2-Thr- 
CVA-Ile-Amp; 

l-naphthoxyacetyl-0-phosphoryl-L-seryI-5S-amino-6-cycIohexyMS-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-aminomethylpyridine, dipotassium salt; or Noa-0-P03K2-Ser- 
20 CVA-Ile-Amp; 

Na-[(2S,4S,5S>5-{N-(2-Pyridinylcarbonyl)anuno]-6-cyclohexyl-4-(0-phosphoryl^ 
isopropyl-l-oxohexyI]-N-(2-benzimida2olylmethyl)-L-isoleucinamide, trifluoroacetic acid salt; or 
2PyC0 CVPIleAmb; 

Na-[(2S,4S,5S)-5-[N-[(3-Pyridinyl)methoxycarbonyl]amino]-6-cyclohexyl-4-(C)- 
25 phosphoryl>2-isopropyl-l-oxofaexyl]-N-(2-benzimidazolylmethyl>L-isoleucinam^^ 
trifluoroacetic acid salt; or 3Poc CVP De Amb; 

N-{(2S,4S,5S^5-[N-(2-Pyridinylcart)onyl)amino]-6-cyclohexyl-4-{0-phospho^ 
isopropyl-l-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-indanyl]amine, trifluoroacetic acid salt; or 2Py 
CO CVP Ahi; 

30 N-[(2S,4S,5S)-5-IN-[2-{3-Pyridinyl)ethenylcarbonyl]amhK)]-6-cyciohexyl-4^ 

phosphoryl>-2-isopropyI-l-oxohexyl]-N-f(lS,2R)-2-hydroxy-l-indanylJamine; or 3Py 
CH = CHCO CVP Ahi; 

3-(0-phosphoryl-4-OH-phenyl)-butyryl-L-histidyI-5S-amino-6-cycIohexyl-4S-hydroxy- 
2S-isopropyl-hexanoyNL-isolaicyl-2-aminomethylpyridine; or Dat(0-P03H2)-His-CVA-lIe- 
35 Amp; 

N^-I(2S,4S,5S)-5-[N-[N^-(l-NaphthalenyloxyacetyI)-L-histidyl]amino-6-cyclohexyl-4- 
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(0-phosphoryl)-2-isopropyI-lK)xohexyl]-N-{2-pyridinylmethyl)-L-isoleucinmide, trifluoroacetic 
acid salt; or NOA-His-(OPp3H2)CVA-Ile-Amp; 

l-Naphthoxyacetyl-L-histidyl-5S-ainino-6-cyclohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyl-O-phosphate-L-seryl-2-pyridyImethylamide; 
5 N^-[(2S,4S,5S)-5-[N-(2-pyridinyl carbonyl)amino]-6-cyciohexyl-4-(Ophosphoryl)-2- 

isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide trifluoroacetic acid salt; or 2- 
pyridinyl carbonyl-(OP03H2)CVA-Ile-Amp; 

N^-[(2S,4S,5S)-5-[N-{2-pyridinyl carbonyl)aniino]-6-cyclohexyl-4-(0-phosphoryl)-2- 
isopropyl-l-oxohexylJ-N-(2-pyridinylmethyl)-L-isoleucinamide hydrochloride salt; and 
10 Na-[(2S,4S,5S)-5-[N-[2-[2-[2-(2-Methoxyethoxy)ethoxy]ethoxy]phenylcarbonyl]amino]- 
6-cyclohexyl-4-hydroxy-2-isopropyM-oxohexyl]-N-(2-benziniidazolylmethyl)-L-isoleucinamide; 
or Mee CVP lie Amb. 

The most preferred compounds of the present invention are the following: 

l-naphthoxyacetyI-0-phosphoryl-L-threonyl-5S-aniino-6-cyclohexyI-4S-hydroxy-2S- 
15 isopropyl-hexanoyl-L-isoleucyl-2-aminoinethylpyridine, dipotassium salt; or Noa-0-P03K2-Thr- 
CVA-Ile-Arap; 

l-naphthoxyacetyI-0-phosphoryl-L-seryl-5S-amino-6-cyclohexyl-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-anunoin^ylpyridine, dipotassium salt; or Noa-0-P03K2-Ser- 
CVA-Ile-Amp; and 

20 Na-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)amino]-^yclohexyl-4-(0-pfaosphoryl>^^ 
isopropyl-l-oxohexyl]-N-(2-benzimidazolylmethyl)-L-isoleucinamide, trifluoroacetic acid salt; or 
2Py CO CVP He Amb. 

The preferred parent compounds of the prodrug compounds of the present invention 

are: 

25 1-Noa-His-Cha PSI[CHOHCHOH]VaI-Ile-Amp; or lH-Imidazole-4-propanamide, N-[l- 

(cyclohexylmethyl>2,3-dihydroxy-5-methyl-4-[I[2-methyI-l-[[{2- 
pyridinylmethyl)amino]carbonyl]butyl]-[amino]carbonyl]hexylj-a-{[(l*naphthaleiiyloxy)- 
acetyljamino]-, [1S-[1R*(R*),2S*,3S*,4S*(1R*,2R*)]]-; or NOA-His-CVD-lle-Amp; 

((5-(3,6,9,12,15-pentaoxa-hexadec-l-yl)oxy)naphthaIen-lyl)oxyacetyl-L-valinyI-55- 
30 amino-6-cycIohexyl-3if,47?-dihydroxy-2/2isopropyl-hexanoyI-L-isoleucinyJ-2- 
aminomethylpyridine; or S-PentaegNoa-Val-CVD-Ile-Amp; 

l-naphthoxyacetyl-L-threonyI-5S-amino-6-cyclohexyMS-hydroxy-2S-isopropyl- 
hexanoyl-L-isoleucyl-2-aminomethylpyridine; or Noa-Thr-CVA-lle-Arap; 

l-naphthoxyacetyI-L-seryl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
35 isoleucyl-2-aminomethyIpyridine; or Noa-Ser-CVA-Be-Amp; 

l-naphthoxyacetyI-L-threonyl-5S-amino-6-cyclohexyI-3R,4R-dihydroxy-2R-isopropyl- 
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liexanoyl-L-isoleucyI-2-aminomethylbenziinidazole; or Noa-Thr-CVD-He-Amb; 

1- naphthoxyacetyl-L-seryl-5S-arain(>^yclohexyl-3R,4RKlihydroxy-2R-is^^ 
hexanoyI-L-isoleucyl-2-aminpmethylbenzimida20le; or Noa-Ser-CVD-IIe-Amb; 

((5-(8-ainino-3 ,6-dioxa-oct- l-yl)oxy)n^hthalen-l -yl)oxyacetyI-L-val inyI-55-amino-6- 
cydohexyl-3if,4/?Klihydroxy-2/?-isopropylhexanoyl-L-isoleucinyl-2-ainm 

2- [2-(2-(2-methoxy)ethoxy)ediaxy)^oxy]benzoyl-5S-aiiuno-6-cyclohexyl-3R,^^ 

dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl.2-aminomediylben2imidazole; or Mee-CVD-lie- 
Amb; 

l-n^hthoxyacetyl-L-threonyl-5S-amiiio^yclohexyl-3R,4RKlihyd 
hexanoyI-lS-aniino-2R-hydroxy-indane; or Noa-Thr-CVD-Ahi; 

l-naphthoxyacetyl-L-seryI-5S-ainino-6<ycIohexyl-3R,4R-dihydroxy-2R-i^^ 
hexanoyl-lS-ammo-2R-hydroxy-indane; or Noa-Ser-CVD-Ahi; 

1- naphthoxyac«yl-L-histidyl-5S-ainino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyI-lS-ainino-2R-hydroxy-mdane; or Noa-His-CVD-Ahi; 

15 3-(44iydroxyphenyl)-butyryl-L-valyl-5S-amin(>^cyclohexyMS-hydroxy-2 
hexanoyl-L-isoleucyl-2-aminom^ylbenziinidazole; or Dat-Val-CVA-Ile-Amb; 

4-morpholinecarbonyl-L-valyl-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isopropyI- 
hexanoyl-L-isoleucyl-2-aminomethylpyridine; or Morph-Val-CVA-Ile-Amp; and 

2- [Pi)henoxy)€ahoxy]beii2oyl-5S-amincH6<ydohexyI-3R,4Rslihydr^^ 
20 hexanoyl-L-isoleucyl-2-aniinomediylbenziinidazoIe; or Peb-CVD-Ile-Amb. 

DESCRiraON OF THE PREFERRED EMBODIMENTS 
In the Prqjarations and Examples below and throu^out this document: 
%-NMR is nuclear magnetic resonance; 
Aai is lS-amino-2R acetoxy-indane; 
25 Ac is ac^I; 

Acb is 2-acetoxybenzoyl; 
AcO is acetyloxy; 

Ahi is lS-amino-2R-hydroxy-indane; 

Amb is 2-aminom^ylbenzimidazole; 
30 Amp is 2^aminomethyl) pyridine; 

Amp-NO is (2^yridylmethyl) amino (pyridine N-oxide); 

Apb is 4-[(3-amina-2^yridinyl)amino]-2-butenyl-amine; 

Ape is 2-f(3-aniino-2^yridinyl)aniino]ethylamine; 

Apr is 2-(2-pyridinyIamino)-ethylamide; 
35 Asn is asparagine; 

Biotinoyl is 4-([3aS^3aa,4/3,6aa)J-lH-thienof3,4Hl]imidazoJyl>-pentanoyl-; 
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Boc is t-butoxycarbonyl; 

BOC-ON is 2-(teiYbutoxycarbonyl-oxyiinino)-2-phenyiacetonitrile; 
BOP is benzotriazol-l-yloxytris(dimethylainino)phosphoniumhexafluorophosphat^ 
BroP is Bromo tris (dimethylamino) phosphonium hexafluorophosphate; 
5 Bz or Bd is benzyl; 

C is centigrade; 
Cbz is benzyloxycarbonyl; 

CcD is the moiety of formula X wherein is cyclohexyl, is o-hydroxy, R4. is a 
hydroxy and R3 is /S-CH2-cyclohexyI; 
10 CCD is the moiety of formula X wherein Ry is q^clohexyl, is o-hydroxy, R3 is a- 

CH2-cyclohexyI and R4. is a-hydroxy; 

CDCI3 is deuteriochloroform; 

Celite is a filter aid; 

CVA is Cha^[CH(0H)CH2]Val of formula X wherein R^. is cyclohexyl, R2. is 
15 hydrogen, R3 is a-isopropyi and R^* is a-hydroxy and is preferably 5S-amino-6-cyclohexyl-4S- 
hydroxy-2S-isopropyl-hexanoyl; 

chpVA is the moiety of formula X wherein Rj» is cycloheptyl, R2» is hydrogen, R3 is 
a-isopropyl, and R4. is a-hydroxy; 

CLA is the moiety of formula X wherein Ry is cyclohexyl, R2' is hydrogen, R3 is -ct- 
20 isobutyl, and R4» is ce^iydroxy; 

CLD is the moiety of formula X wherein Ry is cyclohexyl, R2» is a-hydroxy, R4» is a- 
hydroxy and R3 is a-isobutyl; 

CPD is the moitty of formula X wherem Ry is cyclohexyl, R2- is a-hydroxy, R4' is a- 
hydroxy and R3 is a-benzyl; 
25 CVD is the moiety of formula X wherein R^* is cyclohexyl, R2. is a-hydroxy, R3 is a- 

isopropyl and R4t is a-hydroxy and is preferably 5S-ammo-6-cyclohexyl-3R,4R-dihydroxy-2R- 
isopropyl-hexanoyl; 

CVD' is tiie moiety of formula X wherein Ry is cyclohexyl, R2. is /3-hydroxy, R^^ is 
a-hydroxy, and R3 is of-isopropyl; 
30 CVP or (OP03H2)CVA is 5S-amino-6-cyclohexyl-4S-{Oi)hosphoryl)-2S-isopropyl- 

hexanoyl; 

DANS is dansyl or 5-dimetfaylanunonaphthalenesulfbnyl; 
Dat is des-amino-tyrosine; 
DCC is dicyclohexylcarbodiimide; 
35 DEPC is di^ylphosphoryl cyanide; 

Des-amino-tyiosine (OPO3H2) means the hydrogen atom of the hydroxy group of the 
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des-amino tyrosine amino acid is substituted by •OPO3H2; 

DIPEA is N,N-diisopropylethylamine; 

DMF is N,N-dimetiiyIforniamide; 

DMSO is dimethylsulfoxide; 
5 DNP is 2,4-dinitrophenyl; 

ET3N is triethylamine; 

ET2O is diethylether; 

EtOAc is etliyl acetate; 

FAB is fast atom bombardment; 
10 g is grams; 

Glu is glutamine; 

5-<jIu is 6-glutamyl acid; 

Gly is glycine; 

Gin is glutamine; 
15 Hexaeg is hexa(ethylenegIycol); 

His is L4iistidine; 

Hmb is 24iydroxy-3-methyl-butyryl; 
Hyb is 2-hydroxybenzoyl; 
N-MeHis is Na-methyl histidine; 
20 HOBT is l-hydroxybenzotriazole; 

HOAc is acetic acid; 

Hpa is 2-hydroxyphenethylamine at the C-terminus or is hydroxyphenylacetyl at the N- 
tenninus; 

HPLC is high performance liquid chromatography; 
25 Hsr is L-homoserine; 

He is L-isoleucine; 

IR is infrared spectrum; 

Iva is isovaieryl; 

LCA is the moiety of formula X wherein Rj is isopropyl, is hydrogen, R3 is -a- 
30 CH2-cyclohexyl and R4 is a-iydroxy; 

LFA is the difluoro ketone version of statine analogue as described more fiilly in PCT 
Pub. No. WO86/06379 (6 November 1985), and is the moiety of formula IV wherein Rj is 
cyclohexylmethyl; 

LFD is -L-Leu-[R,R-CH(OH)CH(OH)Phe" or 5S-amino-2S^enzyl-.3R,4RHiihydroxy-7 
35 methyl-octanoyl; 

LLA is the moiety of formula X wherein R| is isopropyi, R2 is hydrogen, R3 is -a- 
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isobutyl, and R4 is a-hydroxy; 

LID is the moiety cjf formula X wherein R| is isopropyU R2 is /8-hydroxy, R4 is p- 
hydroxy and R3 is iS-isobutyl; 

LLd is the moiety of formula X wherein R| is isopropyl, R2 is a-hydroxy, R4 is a- 
5 hydroxy, and R3 is )8-isobutyl; 

LLD is the moiety of formula X wherein R| is isopropyl, R2 is a-hydroxy, R4 is a- 
hydroxy, and R3 is a-isobutyl; 

LPA is the moiety of formula X wherein Rj is isopropyl, R2 is hydrogen, R3 is -a- 
benzyl and R4 is or-hydroxy; 
10 LVA is Leu*(CH(0H)CH2)Val with the S configuration at C4 (the hydroxyl-bearing 

carbon atom) of the formula X wherein Ri is isopropyl, R2 is hydrogen, R3 is a-isopropyl and 
R4 is a-hydroxy; 

LVD is the diol version of LVA as described more fully in PCT Pub, No. 
WO87/05302 (11 September 1987) and is the moiety of formula X wherein Rj is isopropyl, R2 
15 is or-hydroxy, R4 is of-hydroxy and R3 is a-isopropyl; 

LVDA' is the moiety of formula X wherein Rj is isopropyl, R2 is /3-hydroxy, R4 is a- 
hydroxy, and R3 is a-isopropyl; 
M or mol is mole; 
Mba is 2S-methylbutylamine; 
20 Me is methyl; 



35 
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25 



Meb is 2-[(2-methoxy)ethoxyJbenzoyl; 

Mee is 2-[2-(2-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl; 

MeOH is methanol; 

Mep is 3-f2-(2-methoxy)ethoxy)ethoxy]pyridyl-2-carbonyl; 

ml is milliliter; 

Moc is methoxycarbonyi; 

Moiph is 4-morpholinecarbonyl; 

Mpb is 4-mediyl-2-{(2-phenoxy)ethoxy]bOTzoyI; 

Mpc is 3-(2-(2"(2-methoxy)ethoxy)ethoxy)ethoxy]pyridyl-2-carbonyl; 

MPLC is medium pressure liquid chromatogr^hy; 

MS is mass spectroscopy; 

Mtb is 2-(2-(2-methoxy)ethoxy)ethoxy]benzoyl; 

Npb is 4-[(3-nitro-2-pyridinyl)amino]-2-butenylamine; 

Npe is 2-[(3-nitro-2-pyridinyl)amino]ethylamine; 

NOA is (l-naphthyioxy)acetyI; 

Ophosphoryi is -OPO3H2; 
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OP03K2-Ser means the hydrogen atom of the hydroxy group of the serine amino acid 
is substituted by -OPO3K2; 

OP03K2-Thr means the hydrogen atom of the hydroxy group of the threonine amino 
acid is substituted by -OPO3K2; 
5 Peb is 2-I(2-phenoxy)ethoxy]benzoyl; 

Pentaeg is penta(ethyleneglycol); 

Pep is 3-[(2-phenoxy)ethoxy]propionyl or is 2-I(2-phenoxy)ethoxy]benzoyl; 
Ph is phenyl; 
Phe is phenylalanine; 
10 POA is phenyioxyacetyl; 

2 Poc is (2-pyridinyI)methoxycarbonyl; 

3 Poc is (3-pyridinyl)methoxycarbonyl; 

4 Poc is (4-pyridinyl)methoxycarbonyl; 

Ppc is 3-[2-{phenoxy)ethoxy]pyridyl-2-carbonyl; 
15 PPD is the moiety of formula X wherein Rj is phenyl, R2 is ot-hydroxy, R4 is a- 

hydroxy and R3 is a-benzyl; 
Pro is L-proIine; 

Ptb is 2-[^henyithio)methoxy]ben2oyl; 
Ptc is 3-[0)benylthio)raethoxy]pyridyl-2-carbonyl; 
20 2 Py is 2-pyridinyl; 

3 Py is 3-pyridinyl; 
2-Py-Ala is D,L-(3-pyridyI>alanine; 
Ser is L-serine; 
TBA or Tba is t-butylacetyl; 
25 TBDMS is tert-butyldimethylsilyl; 

TBAP is tetra-n-butylammoniura phosphate; 
TEA is triethylamine; 
TFA is trifluoroacetic acid; 
THF is tecrahydrofuran; 
30 Thr is L-threonine; 

TLC is thin layer chromatography; 
Tma is rm-butylmethylamine; 
Tos is p-toluenesulfonyl; 
Trieg is tri(ethyleneglycol); 
35 TsOH is p-toluenesulfonic acid; 

Tyr is tyrosine; 
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(0CH3)Tyr is O-methyl tyrosine; and 
Val is L-valine. ^ 

In formula X, wherein the variables are as defined above, "a" is used to indicate the 
substituent is below the plane of the drawing and "|3" is used to indicate the substituent is above 
5 the plane of the drawing. 

The wedge-shape line indicates a bond which extends above the plane of the paper 
relative to the plane of the compound thereon. 

The dotted line indicates a bond which extends below the plane of the paper relative to 
the plane of the compound thereon. 
10 The following Prqjarations and Examples illustrate the present invention: 

PREPARATIONS 1-106 

Usmg the chemical procedures, starting materials, and reactants described in 
International Application, PCT/US90/05818, filed 16 October 1990, pages 34-57, which is 
incorporated by reference herein, or methods analogous thereto, all of which are readily known 
15 and available to one of ordinary skill in the art, the following parent compounds of the present 
invention, having the indicated physical characteristics, are pr^ared: 

(1) L-Isoleucinamide, N-(5-amino-4-hydroxy-7-methyI-2-(l-methylethyI>l-oxooc- 
tyl]-N-(2-pyridinylmethyl)-, trifluoroacetate, (S,S,S>; or H-LVA-Ile-Amp; 

(2) lH-Imidazolfr4-propanamide, N-I2-hydroxy-5-methyl-l -(2-methylpropyI>4-[[[2- 
20 methyl-l-[[(2-pyridinyimethyl)amino]carbonyl]butyl]aniino]carbonyllhexyI]-a-[^henoxyacetyl^^ 

amino]-, [1S-[1R*,2R*,4R*(1R*,2R*)]]- ; or POA-His-LVA-fle-Amp; 

(3) lH-Imidazole-4-propanaraide, N-[l-(cyclohexylmethyI)-3,3-difluoro-HP- 
methyl-l-[[(2-pyridinylmethyl)amino]carbonyl]butyl]amino]-2,4-dioxobutyl]-a-[[(l- 
naphthalenyloxy)acetyl]ammo]-, [lS-(lR*(aR*),2R*]l-: or NOA-His-LFA-He-Amp; 

25 (4) IH-Imidazole^ropanamide, a-[[2-(acetyloxy)-3-<l-naphthalenyl)-l- 

oxopropyl]aniino]-N-[l-(cyclohexylmethyl)-3,3-difluoro-4-I[2-mediyl-l-[[(2i)^^^ 
methyl)amino]carbonyl]butyl]amino]-2,4^ioxobutyI]-, IlS-[lR*[aR*(R*)],2R*]]s 

(5) L-Histidinamide, N-[(l , 1 -dimethylethoxy)carbonyl]-L-phenylalanyl-N-[ 1- 
(cyclohexylmethyl>3,3-difluoro-4-{[2-m^yI-I4I(2i)yridinylmethyl)amino]c^ 

30 butyl]amino]-2,4-dioxobutyl]-; or Boc-Phe-His-LFA-Ile-Amp; 

(6) lH-Imidazole-4-propanamide, N-I Hcyclohexylmethyl)-2-hydroxy-6-methyl-4- 
[[[2-methyl-l-[[(2-pyridinylmethyl)amino]carbonyl]butyl]amino]carbonyl]heptyl]-a- 
[(phenoxyacetyl)amino]-, [1S-[1R*(R*),2R*,4S*(1R*,2R=^]1-; or POA-His-CLA-De-Amp; 

(7) lH-Imidazole-4-propanamide, N-[2,3-<lihydroxy-5-methyl-l-(2-methyipropyl)-4- 
35 [[[2-methyl-l-[[(2i)yridinyimethyl)amino]carbonyl]butyl]anuno]carbonyl]he^^^ 

[(phenoxyacetyl)amino]- [1S-[1R*(R*),2S*,3R*,4R*(1R*,2R*)1]-; or POA-His-LVDA-Ile-Amp; 
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(8) lH-Imidazole-4-propanamiderN-[2,3Haih'y7ifoxy-5-me^ 

butyl)aininolcart)onyl]-l-(2-methylpropyI)hexyl]-a-(^henoxyacetyl)amino]-, (IR- 
[1R*(S*),2S*,3S«,4S*(S*)J]-; or POA-His-LVDA-Mba; 

(9) Boc-Phe-His-Cha psi[CHOHCHOH] Val-He-Amp; or L-Histidinamide, N-[(l , 1 - 
5 dimethylethoxy)carbonyl)-L-phenyIalanyl-N-[l-<cyclohexylmethyI)-2,3-dihydroxy-5-methyl-4- 

I[[2-methyl-l-[[(2-pyridinylmeihyl)amino]carbonyl]butyl]ainino]carbonyl]hexyI]-, flS- 
I1R*,2S*,3S*,4S*(1R*,2R*)]]-; or BOC-Phe-His-CVD-Ile-Amp; 

(10) 1-Noa-His-Cha PSI[CHOHCHOH]Val-Ile-Ainp; or lH-Iinidazole-4i,ropaiiam- 
ide, N-[l-(cyclohexylmeaiyl)-2,3-dihydroxy-5-inethyl-4-[[[2-raethyl-l-[((2- 

10 pyridinylmethyl)amino]carbonyl]butylHaininoJcarbonyl]hexyIJ-o-[f{l-naphthalenyloxy)- 
acetyljamino]-, I1S-11R*(R*),2S*,3S*,4S*(1R*,2R*)]]-; or NOA-His-CVD-Ile-Anip; 

(1 1) lH-ImidazoIe-4-propanamide, N-r2-hydroxy-6-me%I-l-(2-methylpropyl)-4-I[[2- 
inethyl-l-[[(2-pyridinylmediyI)amino]carbonyl]butyl]aminolcarbonyl]heptyl]-a- 
[(phenoxyacetyl)aminol-. [1S-[1R*(R*),2R«,4S*(1R*,2R*)]]-; or POA-His-LLA-Ile-Amp; 

15 (12) IH-Imidazole^propanamide, N-[2-hydroxy-l-p-mediylpropyl)-5-[[2-methyl-l- 

[[(2-pyridmylmethyl)araino]carbonyI]butyl)ainino]-5-oxo-4-0)henylmethyl)pentyl]-a- 
((phenoxyacetyl)amino]-, [1S-[1R*(R*),2R*.4S*,5(1R*,2R*)]]-; or POA-His-LPA-Ue-Amp; 

(13) lH-Imidazole-4-propanaiiiide, N-[4-(cyclohexylmethyl)-2-hydroxy-l-(2- 
methylpropyl)-5-[[2-inethyI-H[(2-pyridmylmediyI)amino]cari)onyl]butylJami^ 

20 [(phenoxyacetyDamino]-, [1S-[1R*(R*),2R*,4S*,5(1R*,2R*)]]-; or POA-His-LCA-IIe-Amp; 

(14) L-Histidinamide, N-[(l,l-dimethyledioxy)carbonyl]-L-phenylalanyl-N-[2- 
hydroxy-l-(2-methylpropyl>5-{[2-methyl-l-[[(2-pyridinylmethyI)aniino]carbonyI]butyl]aniino-5- 
oxo^(phenylmethyl)pentyl]-, [1S-[1R',2R*.4S*,5(IR*,2R*)]]-; or Boc-Phe-His-LPA-Ile-Amp; 

(15) L-Histidinamide, N-[(l,l-dimethyledioxy)carbonyI]-L-phenylalanyl-N-[4- 
25 (cyclohexylmetliyl)-2-hydroxy-l-(2-methylpropyl>-5-[l2-methyl-l-I[(2-pyridinylmediyI)- 

anuno]carfaonylIbutyl]amino]-5-oxopentyl]-, [1S-[1R*,2R*,4S*,5(1R*,2R*)]]-; or Boc-Phe-His- 
LCA-Ue-Amp; 

(16) L-Talonamide, 6-cyclohexyl-2,5,6-trideoxy-5-[N-[N-I(l,l-dimethyleth- 
oxy)carbonyI]-L-phenylalanyI]-L-histidyI]aniino]-2-(l-metfiylediyl)-N-[2-methyl-l-([(2- 

30 pyridinylmediyl)amino]carbonyl]butyI]-, [S-(R*,R*)]-; or Boc-Phe-His-CVD'-Ile-Amp; 

(1"^ L-Histidinamide, N-[(l,l-dimethylethoxy)carbonyl]-L-plienylalanyI-N-{2,3- 

dihydroxy-5-methyl-l-<2-mediylpropyl>4-[[(2-mediyl-l-[[(2-pyridinylmethyl)- 

amino]carbonyIJbutyllamino]carbonyl]hexyI]-, [lS-[lR*,2S*.3R*,4-Amp; or Boc-Plie-His- 

LVDA'-Ile-Amp; FAB-MS: [m H- H]+ at 835.5084; 
35 (18) 4-MorphoIind)utanamide, B-faydroxy-N-[2-[[2-hydroxy-5-methyl-l-(2- 

mediyipropyI>4-[(f2-methyl-l-[[(2-pyridinylmediyl)amino]carbonyl]butynamino]- 
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carbonyl]hexyl]amino]-l-(lH-imida2ol-4-yImethyI)-2K)xoethyI]-a-(l-naphth 
[lS-[lR*[R*(aS*,8R*)J,2R*,4R*(lR*,2R*)]]s 

(19) lH-Imidazole-4-propanamide, N-(l-(cyclohexyImethyl)-2"hydroxy-5-methyl-4- 
[[[2-methyl-l-[[(2-pyridinylmethyl)amino]carbonyl]butyl]amino]carboayI]hexyy 

5 [(phenoxyacetyl)aniino]-, [1S-[1R*(R*),2R*,4R*(1R*,2R*)]]-; or POA-His-CVA-Ile-Amp; 
FAB*MS: [m + H]-^ at 746.4598; 

(20) lH-Iniidazole-4-propanamide, a-[[[5-(dimethylamino>l-naphtbalenyI]su- 
lfonylJamino]-N-[2-hydroxy-5-methyl-H2-methylpropyl)-4-[[[2-metfayl^ 
pyridinylmethyl)amino]carbonyl]butyl]araino]carbonyI]hexyl]-, [1S-[1R*(R*),2R*,- 

10 4R*(1R*,2R*)]]-; or DANS-His-LVA-De-Amp; 

(2 1) lH-Imida2ole-4-propanamide, N-[l-(cyclohq)tyImethyl)-2-hydroxy-5-methyl^ 
[[[2-methyl-l-[[(2-pyridinylmethyl)aniino]carbonyl]butyl]amino]carbonyl]hexyy 
[(phenoxyacetyl)ainino]-, [1S-[1R*(R*),2R*,4R*(1R*,2R*)]]S or POA-His-chpYA-Ile-Amp; 

(22) L-Histidinamide, N-[[5-(dimethylamino)-l-naphthalenyl]sulfonyl]-L- 
15 phenylalanyl-N-[2-hydroxy-5-methyl-l-(2-inethylpropyl)-4-[[[2-methyl-l-[[(2- 

pyridinylmethyl)aniino]carbonyl]butyl]ainino]carbonyl]hexyl]-, [1S-[1R*,2R*,4R*(1R*,2R*)]]-; 
or DANS-Phe-His-LVA-Ile-Amp; 

P3) Octanamide, 5-[(3,3-dimethyl-lK)xobutyl)ammo]-4-hydroxy-7-inethyl-2-(I- 
methyIethyl)-N-[2-methyl-H[(2-pyridinylmethyl)amino]carbonyy [2S- 
20 [1(1R*,2R*),2R*,4R*,5R*]]-; or TBA-LVA-He-Amp; FAB-MS: {in + H)-^ at 533; 

(24) Cyclohexanefaexanamide, 6-[(3,3-dimethyH-oxobutyI)amino]-T-hydroxy-a-(l- 
metfaylethyl)-N-{2-methyI-l-[[(2-pyridinylinethyl)amino]carbonyl]butyl]-, [aS- 
[N(IR*,2R*),aR*,rR*,5R*]]-; or TBA-CVA-Ile-Amp; FAB-MS: [m + H]"^ at 573; 

(25) lH-Imidazoie-4-propanainide, a-amino-N-[2-hydroxy-5-methyM-(2- 
25 methylpropyl)-4-[[[2-methyl-l-[[(2-pyrldinylmethyl)amino]carbon^^ 

carbonyljhexyl]-, [1S-[1R*(R*),2R*,4R*(1R*,2R*)]]; or H-His-LVA-De-Amp; 

(26) L-Histidinamlde, L-phenylalanyl-N-[2-hydroxy-5-methyl-l-(2-methylpropyI)-4- 
[[[2-methyl-l-[[(2^yrid'mylmethyl)amino]carbonylJbutyl]amiiK)]ca^ [IS- 
(IR*,2R*,4R*(1R*,2R*)]]-; or H-Phe-His-LVA-Be-Amp; 

30 (27) Cycloh«canehexanamide, 6-amino-r-hydroxy-a-(l-methylethyl)-N-[[2-methyl-l- 

[[(2-pyridinylniethyI)Jamino]carbonyl]butyl]-, dihydrochloride, [aS-[N(lR*,2R- 
*),aR*,rR*,5R*]]-; or H-CVA-fle-Ainp; FAB-MS: [m + HI+ at 475; 

(28) Cyclohexanehexanamide, 6-(acetylainjno)-r-hydroxy-a-(l-niediylediyl)-N-[2- 
inethyl-l-[[(pyridinylinethyI)aniino]carbonyl]butyl], (aS-rN(lR*,2R*),aR*,rR*,5R*]]-; or Ac- 

35 CVA-Be-Amp; FAB-MS: [m + H]-*- at 517; 

(29) Octanamide, 5-(acetylamino)^ydroxy-7-metiiyl-2-(l-methylethyl)-N-[2- 
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methyi-l-I[(2-pyridinylmethyl)ammo)carbonylJbutyI]-, t2S-(N(IR*,2R*),2R*,4R*,5R»]J-, 
monoaceute (salt); or Ac-LVA-Ue-Amp; FAB-MS: [m + H]"*" at 477; 

(30) L-Valinami$le, L-phenylalanyl-N-f2-hydroxy-5-methyl-l-(2-inethylpropyl)-4- 
I[[2-methyl-l-([(2-pyridinyImethyl)ainino]carbonyl]butyI]amino]carbonyIJhexyl]-, [IS- 

5 riR*,2R*,4R«(lR«,2R*)]]-; or H-Phe-Val-LVA-Ue-Amp; 

(31) Octanamide, 5-I[2-(acetylamino)-3-methyl-l-oxobutyl]aniiiio]-4-hyd«)xy-7- 
methyl-2-(l.mediylethyI)-N-[2-methyI-l-[[(2-i)yridinylmethyl)amino]carbonyl]butyl]-, [2S- 
[N(1R«,2R*),2R*,4R*.5R*(R«)]]., monoacetate (salt); or Ac-Val-LVA-lle-Amp; FAB-MS: (m 
+ H]+ at 576; 

^0 (32) L-Valinamide, L-vaIyl-N-[2-hydroxy-5-methyl-l-(2-methylpropyl)-4-([[2-methyl- 

l-[[(2-pyridinylmethyl)aiiiino]carbonylJbutyl]amino]carbonyl]hexyl]-, [IS- 
[1R*,2R*,4R*(1R*,2R*)]]-, diacetate (salt); or H-Val-Val-LVA-Ile-Amp; FAB-MS: [m + H]+ 
at 633; 

(33) Ac-Asn-LVA-ne-Amp; FAB-MS: [m + H]+ at 591; 
15 (34) L-Valinamide, N-acetyl-L-valyl-N-[2-hydroxy-5-methyl-l-(2-methylpropyl>4- 

[[[2-methyl-l-([(2-pyridinylmethyl)amino]carbonyl]butyl]aminoJcarbonyl]hexyI]-, ( 1 S- 
[IR*,2R*,4R«(1R*,2R*)]]-, monoacetate (salt); or Ac-Val-Val-LVA-Ile-Amp; FAB-MS: {m + 
H]+at675; 

(35) Na-[(2S,4S^S)-5-[N-[Na-(Phenoxymethylcarbonyl)-L-histidyl]amlno-4- 
20 hydroxy-2-isopropyl-7-methyl-l-oxooctyl]-N-[2-(2-pyridinylamino)ethyl]-L-isoleucinamlde, 

acetic acid salt; or POA-His-LVA-Ile-NH(CH2)2NH-pyridine; FAB-MS: [m + H]+ at 735; 

(36) rVA-LVA-Ile-Amp; FAB-MS: [m + H]+ at 519; 

(37) N-I(2S,4S,5S)-5-[Ncit-[Na-(ten-Butoxycarbonyl)-0-methyl-L-tyrosyl]-L- 
histidylJamino]-4-hydroxy-7-methyl-2-i)henylmetiiyl-lH)xooctyl]-N-KS)-2-hydroxypropyl)amine; 

25 or Boc-OMeTyr-His-LPA-NH-CH2-CH(CH3)(OH); FAB-MS: [m + HI+ at 751; 

(38) Na-f(2S,4S ,5S)-5-[N-[Na-(PhenoxymethyicarbonyI)-L-histidyl]aniino]-4- 
hydroxy-2-isopropyI-7-inetiiyl-l-oxooayl]-N-(2,3-dihydroxypropyl)-L-isoleuciiianude;or POA- 
His-LVA-ne-NH-CH2-CH(OH>CH20H; FAB-MS: [m + HI+ at 689; 

(39) No-[(2S,4S^S)-5-[N-[Na-(PhenoxyinethylcarbonyI)-L^istidyI]-amino-4- 

30 hydroxy-2-isopropyl-7-mediyl-l -oxooctyl]-N-(2-hydroxypropyl)-L-isoIeucinainide; or POA-His- 
LVA-ne-NH-CH2-CH(CH3)(OH); FAB-MS: (m + HI+ at 673; 

(40) Na-[(2S,4S4S)-5-[[Na[(S)-I-Acetoxy-l-beiizyl)methylcarbonyl]-L- 
histidylJainiiio]-4-hydroxy-7-methyl-2-(l-methylethyI)-l-oxooctyl)-N-{2-pyridyl)ethyI]-L- 
isoleucinamide; or AcO-Phe-His-LVA-IIe-NH-(CH2)2-pyridine; FAB-MS: [m -m]+ at 776; 

^5 (41) Na-[(2S,4S,5S)-5-[[(SHl-Hydroxy-l-benzyl)mediylcarbonyl]aininol-4- 

hydroxy)-7-methyl-2-(l-methylethyl)-l-oxooctyl]-N-(2-pyridinylniethyl)-L-isoleucinamide; or 
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HO-Phe-LVA-Ile-Amp; High Resolution MS: 583.3880; 

(42) Na-[(2S, 4S, 5S)-5-[N-[Na-(l-Naphthalenyloxyacetyl)-L-histidyl]amino]-6- 
cycIohexyl-4-hydroxy-2-isopropyl-lK)xohexyI]-N-(2-pyridinylmethyl)-L-isoleucinam 
pyridine N-oxide; or NOA-His-CVA-fle-Amp-NO. HR FAB MS [ra+H]"*" at mJz 812.4748; 
5 (43) Na-[(2S, 4S, 5S)-5-[N-[Na-(P-toluenesuIfonyI)-L-histidyl]ainmo]-6-cyclohexyl 

4-hydroxy-2-isopropyl- l-oxohexyI]-N-(2-pyridinylmediyI)-L-isoleucinaiiiide or p- 
Tolunesulfonyl-His-CVA-ne-Amp. HR FAB MS [m + H]"*" at m/z 766.4348; 

(44) Na-[(2S, 4S, 5S)-5-[N-[Na-(l-Naphthaienyloxyacetyl)-L-histidyl]amino]-6- 
cyclohexyl-4-hydroxy-2-isopropyl-lK)xohexyl]-N-(2-pyridinyImetfayI)-L-isoleucina^ or 

10 NOA-His-CVA-IIe-Amp. HR FAB MS [m + HJ-^ at m/z 796.4794; 

(45) Na-[(2S, 4S, 5S)-5-[N-[Na-(PhenoxymethylcarbonyI)-L-histidyl]amino]-6- 
cyclohexyI-44iydroxy-2-isopropyl-lK)xohexyl]-N-(2i)yridinylmediyl)-L-isoIeucinamid 
pyridine N-oxide; or POA-His-CVA-Ile-Amp-NO. HR FAB MS [m + H]"^ at m/z 762.4574; 

(46) Na-[(2S, 4S, 5S)-5-[N-[Na-(p-Toluenesulfonyl>-L-histidyl]amino]-6-cyclohexy} 
15 4-hydroxy-2-isopropyl-l-oxohexyI]-N-(2-pyridinylmethyl)-L-isoleucinamide, pyridine NK)xide 

or p-Toluenesulfonyl-His-CVA-Ile-Amp-NO, HR FAB MS [m + H]"^ at m/z 782.4238; 

(47) Ne-[(2S, 4S, 5S)-5-[N-[Na-(l-Naphthaieayloxyacetyl)-L.histidyl]amino]-6- 
cyclohexyl-4-hydroxy-2-isopropyl-l-oxohexyI]-L-lysine,trifluoroacecticacid salt; or NOA-His- 
CVA-L-Iysine,trifluoroacetic acid salt. HR FAB MS [m + HJ"^ at m/z 721.4309; 

20 (48) N-[(2S, 4S, 5S)-5-[N-[NaKl-NaphthalenyloxyacetyI)-L-histidyl]amino]-6- 

cycIohexyI-4-hydroxy-2-isopropyl-i-oxohexyI]-N-[2-<2-pyrldinylamino]ethyl]-amine;or NOA- 
His-CVA-NH-(CH2)2-NH-(2-pyridine) HR FAB MS [m + H]+ at m/z 712.4195; 

(49) N-[(2S, 4S, 5S)-5-[N-[Na-(l-NaphthaIenyloxyacetyl>L-histidyl]amino]-6- 
cycIohexyl-4-hydroxy-2-isopropyI-lK)xohexyI]-N-[2-(2-pyridinylamino)]ethyl]am 

25 oxide; or NOA-His-CVA-NH(CH2)2-NH-(2-pyridine). HR FAB MS [m + H]*^ at m/z 
728.4144; 

(50) Na-[(2S, 4S, 5S)'5-[N-[NcKl-NaphthaIenyloxyacetyI) (2-pyridinyl)alanyl]- 
amino}-6-cydohexyI-4-hydroxy-2-isopropyl-lK)xohexyl]-N-(2-pyridinyImethyI^^^ 
isoleucinamide; or NOA-His-CVA-Ile-Amp. HR FAB MS [m 4- H]"*" at m/z 807.4795; 

30 (51) NQr-[(2S, 4S, 5S)-5-[N-fNa-[(3-Pyridinyl)-methylcarbonyI]-L-histidyi]amino]-6- 

cyclohexyI-44iydroxy-2-isopropyl-lK)xohexyn-N-<2-pyridinylmethyl)-L-isoleucinaraide or (3- 
pyridinyl>melhyl-carbonyl-His-CVA-IIe-Amp. HR FAB MS [m 4- H]"*' at m/z 731.4625; 

(52) Ne-[Nof-[(2S, 4S, 5S)-5-[N-(Na-(l-Naphthalenyioxyacetyl)-L-histidyl]amino]-6- 
cyclohexyI-44iydroxy-2-isopropyl-l-oxohexyI]-L-isolemicyl]-L-Iysine, trifluoroacetic acid salt; 

35 or NOA-His-CVA-Ile-L-lysine, trifluoroacetic acid salt. HR FAB MS [m+H]^ at m/z 
834.5151; 
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' (53) Ka-KlS; 4Sr5S>5HN-fNa-(l-Napfith5Myloxyac«yi)-^^^ " 

cydohexyl-4-hydroxy-2-isopropyl-lK)xohexyl)-N-I2-(2-pyridmylammo)ethyl]-L-isoleucinanjide; 
or NOA-His-CVA-Ue-NH-/CH2)2-NH-(2-pyridine). HR FAB MS (m+H]+ at ra/z 825.5040; 

(54) lH-IinidazoIe-4-propaDainide,N-[2-hydroxy-5-niethyl-l-(2-methylpropyl)-4-[[[2- 
5 methyI-l-[[(2^yridinylmethyi)aniino]carbonyl)butyl]amino]carbonyl]hexylJ-a-((2-hydroxy-l- 

oxo-3-phenylpropyl)aniino]-,[lS-[lR«IR*(R*)],2R*.4R*(lR*,2R*)]]-, 2-hydroxy-l,2,3- 
propanetricarboxylate (I 2) (salt); or phenyl-CH2-CH(0H)-C(0)-His-LVA-Ile-Amp. HR FAB 
MS [m -l-H]+: 720.4456; 

(55) lH-Iniida2ole-4-propanamide,N-[2-hydroxy-4-([[l-I[(2-hydroxy-2-phenylediyl)- 
10 anuno]carbonyl]-2-methyIbutylJamino]carbonylJ-5-mediyI-l-(2-methylpropyI)hexylJ-a- 

((phenoxyacetyl)aniino]-,monoacetate (salt); or P0A-His-LVA-IIe-NH-CH2-CH(0H)-phenyl. 
HR FAB MS [m +H]+: 735.4444; 

(56) L-a-Glutamine, N/u 2/d -(N-[[l,l-dimetiiylethoxy)carbonyl]-L-phenylalanyl]-N- 

[2-hydroxy-5.methyl-K2-methylpropyl)-4-[[[2-methyl-l-t[(2-pyridinylmethyl)amino]- 

15 carbonyl]butylJamino]carbonyl]hexyl].,(lS-[lR*,2RMR*(lR*,2R*)J]-,monacetate (salt); or 
BOC-Phe-Glu-LVA-Ile-Arap. HR FAB MS [m +H]+: 811.4988; 

(57) Pentanoic acid, 5-[[l-(cyclohexylmethyl>2-hydroxy-4-[[(2-hydroxy- 
propyl)ainino]carbonylJ-5-inethymexyl]amino]-5-oxo^[(phenoxyacetyl)ainino]-; or POA-Glu- 
CVA-NH-CH2CH(CH3)(OH). HR FAB MS [m +H] + : 630.3146; 

2° (58) lH-ImidazoIe-4-propananiide, N-tl-(cyclohexylmetiiyl)-2-hydroxy-4-I[(2- 

hydroxypropyl)amino]carbonyI]-5-methytoexyl]of-[(phenoxyacetyl)ainino]-,inonoace^ or 
POA-His-CVA-NH-CH2-CH(OH)(CH3). HRFAB MS [m +HI+: 600.3770; 

(59) Pentanoic acid, 5-[(l-{cyclohexylmetliyl>-2-hydroxy-5-mediyl-4-I[[2-methyl-l- 
I[(2i)yridinylmethyl)ainino)carbonyI]butyl]ainmoJcarbonyl]hexyIJamino]-4-[(lH-indol-2- 

25 ylcarbonyl)amino]-5-oxo-.[lS-[lR*(R*),2R*,4R*(lR*,2R*)]]-; or lH-indoI-2-yl-carbonyl-Glu- 
CVA-De-Amp. HR FAB MS [m +H]+: 747.4437; 

(60) L-.alpha.-GIutamine, N-[l-(cyclohexylmethyl)-2-hydroxy-5-methyl-4-[I[2- 
methyl-l-[I(2-pyridinylmethyI)aminolcarbODyl]butyl]amino]carbonylJhexyI]-N/u2/d-L-phe 
alanyl-, [1S-[1R*,2R*,4R*(1R*,2R*)]]-, bis(trifluoracetate) (salt); or Phe<ilu-CVA-Ile-Amp. 

30 HR FAB MS [m + H] + : 75 1 .4756; 

(61) 2-Pyridineacetaniide, N-[2-[[2-hydroxy-5-inethyl-l-{2-methylpropyl)^[[r2- 
methyl-l-[[(2-pyridinylmethyl)aniino]carbonyI]butyl]ainino]carbonyl]hexyI]ainino]-I-(lH- 
iinidazol^ylmethyl)-2-oxoethyl]-[lS-{lR*(R*),2R*,4R*(lR*,2R*)]]-; or (2-Pyridyl)acetyI-His- 
LVA-De-Amp; 

35 (62) 4-Pyridineacetamide. N-[2-I[2-hydroxy.5-methyl-l-(2-methylpropyl)-4- 

I[[2methyl-l-[((2-pyridinylmediyl)aniino]carbonyl]butyl]ainino)carbonyl]hexyl]amino]-l-(IH- 
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imida2oI-4-ylinethyl).2-oxoethyl]-[lS-[lR*(R*),2R*,4R*(lR*,2R*)]]s or (4-Pyridyl)acetyl-His- 
LVA-Ile-Amp; 

(63) L-Histidinamide, N-[(l , i-dimethyIethoxy)carbonyl]-3-(2-pyridinyl)aiaiiyl-N-[2- 
hydroxy-5-methyl-l-(2-metfaylpropyI)-4-[[[2-methyl-l-[[(2-pyridmylmethyl)anuno]^ 

5 nyl]butyl]aminoJcarbonyl]hexyl]-,[lS-[lR*[R*(E)],2R*,4R*(lR*,2R*)]]-; or BOC-2-Py-Ala- 
His-LVA-Ile-Amp. HR FAB MS [m +H]"^: 820.5112; 

(64) L-Histidinamide, N-[(l , l-dimethylethoxy)carbonyl]-L-phenyJalanyl-N-[4-[[[2- 
[(2,6-diaminc)-4-pyriniidinyl)amino]ethyl]amino]carbony]]-2-hydroxy-5-^ 
methylpropyI)hexyl]-,[lS-(lR*,2R*,4R*)]-; or BOC-Phe-His-LVA-(2,6-<iiamino-4-pyrime- 

10 dinyI)amino-ethylamino. HR FAB MS [m + H]"^; 766.4727; 

(65) L-.alpha.-Asparagine, N/u 2/d-[N-[(l,i-diniethylethoxy)carbonyl]-L- 
phenylaIanyl]-N-[2-hydroxy-5-methyI-l-(2-methyIpropyI}-4-[[2-methyl-l-[[(2-pyridinyI^ 
thyl)amino]carbonyl]butyl]amino]carbonyl]hexyl]-JlS-{lR*,2R*,4R*(lR*,2R*)]]-,m 
(salt); or BOC-Phe-Asp-LVA-Ile-Amp. HRFAB MS [m +H]'^: 797.4857; 

15 (66) lH-Indole-2-carboxainide, N-[2-([2-hydroxy-5-methyl-l-(2-methylpropyI)-4-[[2- 

inethyl-l-[[(2-pyridinylmethyl)araino]carbonyI]butyl]carbonyI]hexyi]ainino]-l-(lH-i 
ylmethyl)-2-oxoethyl]-,[lS-[lR*(R'*),2R*,4R*(lR*,2R*)J]-; or N-andolyl-2-carbonyl)-His- 
LVA-De-Amp; 

(67) L-.alpha.-Glutamine, N-[l,l-dimethylethoxy)carbonyl3-L-phenylaianyl-N0[I- 
20 (cyclohexylmethyl)-2-hydroxy-5-raethyI-4-[[[2-methyl-l-[[(2-pyridinyimethyl)araino]carb- 

onyI]butyl]amino]carbonyi]hexyI]]-,[lS-[lR*,2R*,4R*(lR*,2R*)]]-, monoacetate (salt); or 
BOC-Phe-Glu-CVA-Ile-Amp. HR FAB MS [m + H]"*": 851.5297; 

(68) 2,5,1 1,14-Tetraazapentadecanoic acid, 7-hydroxy-3-(lH-ijnidazoI-4-ylmethyI)-9- 
(l-methylethyl)-12-(l-methyIpropyl)-6K2-methylpropyl)-4,10,13-trioxo-15-(2-pyridm^^ 

25 pyridinylmethyl ester, [3S-[3R*,6R*,7R*,9R*,12R*(R*)]]-; or loc-His-LVA-Ile-Amp; 

(69) L-Histidinamide, N-[(l, l-diniethylethoxy)carbonyl]-L-phenylalanyl-N-[3,3- 
difluoro-24iydroxy-4-[[2-methyl-l-{[(2-pyridinylmethyl)amino]carbonyl]buty^ 
(phenylmethyl)butyl]-; or CH3-C(0)-(>CH(benzyl)-C(0)-His-LVA-ne-Amp. HR FAB MS [m 
+ H]-*-: 762.4521; 

30 (70) IH-Imidazole^propanamide, N-[2-hydroxy-5-methyl-l-(2-methylpropyI>4-[[I2- 

methyl-l-I[(2-pyridinyimethyI)amino]carbonyl]butyI)amino]carbonyI]hexyl]-a-[(lK)xo 
phenoxypropyI)amino]-,[lS-[lR*(R*),2R*,4R*(lR*,2R*)]]-; or Phenoxy-propionyl-His-LVA- 
Ile-Ainp; 

(71) lH-Imida2ole-4-propananiide,N-[2-hydroxy-5-methyl-l-(2-methylpropyl)-4-[[[2- 
35 methyl-l-[[[(2-pyridinylmethyl)amino(carbonyl[butyl(amino[carbonyl(hexyl]-^^ 

2-propenyl)aminol-,[lS-[lR*[R*(E)J,2R*,4R*(lR*,2R*)]]-; or phenyl-CH =CH-C(0)-His- 
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- LVA-IIe-Ampr HR FAB MS [m -THJ+r 702.4343;" 

(72) lH-Iniidazole^propanamide,N-[2-hydroxy-5-methyl-l-(2-inethylpropyIH-II[2- 
methyl-l-[[[(2-pyridlnylme^y|)amino[carbonyl]rbutyl]aniino(carbonyl(hexyl]-o-((l-oxo-4- 
phenyI-3-butenyI)aininoI-.(lS-tlR«[R*(E)],2R*,4R«(lR«,2R*)J]-; or phenyl-CH =CH-CH2- 

5 C(0)-His-LVA-ne-Amp. HR FAB MS (m + H]-*"; 716.4474; 

(73) 2,5,11,14-Tetraaz^entadecanoic acid, 7-hydroxy-3-(lH-iraidazol-4-y]methyl)-9- 
(l-methylethyi)-I2-(l-methylpropyl)-6-(2-methylpropyl)^J0.13-trioxo-15-(2-pyridinyI>^ 
phenyl-2-propenyl ester. [3S-[1(E),3R*,6R*,7R*,9RM2R*(R*)]J-; or phenyI-CH=CH-CH2-0- 
C(0)-His-LVA-Ile-Amp. HR FAB MS (m + H]+: 732.4463; 

^'^^ ^H-I^<Jazole^ropanamide,N-[2-hydroxy-5-methyl-l-(2-methylpropyl)-4-[[[2- 
methyl-l-[[(2-pyridinylmediyI)amino]carbonyl]butyllainino]carbonyl]hexyI]-a-[[(2- 
phenylethenyl)sulfonyl)amiiK)J-,[lS-[lR*(R*(E)],2R»,4R*(lR«.2R*)]]-; or phenyl -(CH2)2-S02- 
His-LVA-De-Amp. HR FAB MS [m + H]+: 738.4061; 

(75) N-tert-Butyloxycarbonyl-L-phenyIalanyI-L-histidyl-5S-amino-3R,4R-dihydroxy- 
15 2R-isopropyl-7.methyl-octanoyl-2S-methylbutyIamide; or BOC-Phe-His-LVA-Mba. FAB-MS 

(found): 701.4634; 

(76) Hydroxyacetyl-L-histidyl-5S-ainino-6-cyciohexyl-3R,4R-dihydroxy-2R- 
isopropyl-hexanoyl-L-isoleucyl-2-pyridylmediylamide; or (HO)Ac.His-CVA-Ile-Amp. FAB-MS 
(found): 686.4244; 

20 (77) L-GIycyl-L-histidyl-5S-aniino-6-cyclohexyI-3R,4R-dihydroxy-2R-isopropyl- 

hexanoyl-L-isoleucyl-2-pyridylmethylaniide; or Gly-His-CVA-Ile-Amp. FAB-MS (found): 
685.4382; 

(78) Hydroxyacetyl-L-histidyl-5S-aniino-2R-benzyl-6-cyclohexyl-3R,4R-dihydroxy- 
hexanoyl-L-isoleucyl-2-pyridylmethylainide; or (HO)Ac-His-CPD-Ile-Amp. FAB-MS (found): 

25 734.4248; 

(79) Hydroxyacetyl-L-histidyl-5S-amino-2R-benzyI-6-cyclohexyl-3R,4R-dihydroxy- 
hexanoyI-L-isoleucyl-2-pyridylmethylaniide, N-oxide; or (HO)Ac-His-CPD-IIe-Amp. FAB-MS 
(found): 750.4202; 

(80) Phenoxyacetyl-L-hisadyl-5S-amino-2R-benzyl-6-cyclohexyI-3R,4R-dihydroxy- 
30 hexanoyl-L-isoleucyl-2-pyridylmethylamide; or POA-His-CPD-Ile-Amp. FAB-MS (found): 

810.4557; 

(81) L-GlycyI-L-hisUdyl-5S-ammo-2R-benzyl-6-cyclohexyl-3R,4R-dihydroxy- 
hexanoyl-L-isoleucyI-2.pyridylmethylainide; or Gly-His-CPD-Ile-Amp. FAB-MS (found): 
733.4409; 

35 (82) Pbenoxyacetyl-L-faistidyl-5S-amino-6-cyclobexyI-3R,4R-dihydroxy-2R- 

isopropyl-hexanoyl.L-isoleucyl-2-pyridylmediylanude; or POA-His-CVA-ne-Amp. FAB-MS 
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(found): 762.4574; 

(83) l-NapfatoxyacetyI-L-histidyI-5S-ainino-6-cycIohexyl-3R,4R-dihydroxy-2R- 
isobutyl-hexanoyl-L-isoleucyl-2-pyridyIniethyiainide; or NOA-His-CLD-Iie-Amp. FAB-MS 
(found): 826; 

5 (84) 1 -Naphthoxyacety l-L-histidyl-5S-ainino-6-cydohexyI-2R-cyclohexylmethy 1- 

3R,4R-dihydroxy-hexanoyl-L-isoleucyl-2-pyridylmethyIamide; or NOA-His-CCD-Ile-Amp. 
FAB-MS (found): 866.5189; 

(85) l-N^hthoxyacetyl-L-histidyl-5S-aniino-2R--benzyl-3R,4R-dihydroxy-6-phenyl- 
hexanoyI-L-isoleucyl-2-pyridylniethylamide; or NOA-His-PPD-Ue-Amp. FAB-MS (found): 

10 854.4230; 

(86) l-Naphthoxyacetyl-L-histidyl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R- 
isopropyl-hexanoyl-L-isoleucyI-2-pyridinylaniino-ethylamide; or NOA-His-CVD-Ue-Apr. FAB- 
MS (found): 841.4964; 

(87) l-Naphthoxyacetyl-L4iistidyl-5S-aniino-6-cyclohexyl-2S-cyclohexyIraethyl- 
15 3R,4R-dihydroxy-hexanoyl-L-isoleucyl-2-pyridylmethylamide; or NOA-His-CcD-Ile-Amp. 

FAB-MS (found): 866^194; 

(88) l-N2^hthoxyacetyl-L-histidyl-5S-amino-3S-4S-dihydroxy-2S-isobutyl-7-methyl- 
octanoyl-L-isoleucyl-2-pyridyimethylaraide; or NOA-His-LID-Ile-Amp. FAB-MS (found): 
786.4540; 

20 (89) 5-(2umoIinylhydroxyacetyI-L-histidyl-5S-aniino-6-cyclohexyl-4S-hydroxy-2S- 

isopropyl-hexanoyl-L-isoleucyi-2-pyridylmethylamide; or Qoa(b)-His-CVA-Ile-Amp. FAB-MS 
(found): 797; 

(90) 4-<2uinoIinyIhydroxyacetyl-L^istidyl-5S-anuno-6-cyclohexyl-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-isolaicyl-2-pyridylmethylaniide; or Qoa(a)-His-CrVA-ne-Amp. FAB-MS 

25 (found): 797; 

(91) l-N25)hthoxyacetyl-L-histidyl-5S-amino-3R-4R-dihydroxy-2S-isobutyl-7-methyl- 
octanoyl-L-isoleucyl-2-pyridylmethyiamide; or NOA-His-LLd-Ile-Amp. f^AB-MS (found): 
786.4579; 

(92) l-N^hthoxyacetyl-L-histidyl-5S-amino-3S-4R-dihydroxy-2S-isobutyl^ 

30 octanoyl-L-isoleucyl-2-pyridylmethyianiide; or NOA-His-LLd-Ile-Amp. iFAB-MS (found): 
786.4556; 

(93) l-Naphthoxyacetyl-L4iistidyl-5S-anuno-3R^RKlihydroxy-2R-isobutyI-7-niethy^ 
octanoyI-L-isoleucyI-2^yridylniethylamide; or NOA-His-LLD-He-Amp. TAB-MS (found): 
786.4540; 

35 (94) 2-Qumolinylcarbonyl-5S-amino-6H:ydohexyl-3R,4R-dihydroxy-2R-isoprop^^ 

hexanoyl-L-isoleucyl-2-pyridinylaniino-ethylamide; or Qc-Asn-CVD-Ile-Apr. FAB-MS (found): 
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789:46701 

(95) N-tert-ButyloxycarbonyI-L-alanyl-5S-amino-6-cyclohexyI-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-isolaucyl-2-pyridylmethylaniide; or Boc-Ala-CVA-Ile-Amp. FAB-MS (m 
+ H]+: 546; 

5 (96) N-tert-Butyloxycarbonyl-L-histidyI-5S-amino-6-cyclohexyl-4S-hydroxy-2S- 

isopropyl-hexanoyl-L-isoleucyl-2-pyridylmethylamide; or BOC-His-CVA-Ile-Amp. FAB-MS 
[m + H]+: 712; 

(97) Quinolinyl-2-carbonyl-L-histidyI-5S-aniino-6-cyclohexyl-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-jsoleucyl-2-pyridylmethylainide; or QC-His-CVA-IIe-Amp. FAB-MS [m 

10 -J-H]"*": 768; 

(98) QuinolinyI-2-carbonyl-L-asparaginyl-5S-aniino-6-cyclohexyl-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucyl-2-pyridylmediyIainide; or QC-Asn-CVA-Ile-Amp. FAB-MS Im 
-f-H]+: 744; 

(99) Benzyloxycarbonyl-L-alanyl-L-aianyl-5S-ainino-6-cyclohexyl-4S-hydroxy-2S- 
15 isopropyl^exaiK)yl-L-isoleucyl-2-pyridylinethylamide; or CBZ-Ala-Ala-CVA-IJe-Amp. FAB- 
MS [m -I-HJ+: 751; 

(100) l-Naphthalenyloxyacetyl-L-histidyl-5S-amine-6-cydohexyI-4S-hydroxy-2S- 
isopropyl-hexanoyl-L-isoleucylamide; or Noa-His-CVA-Ile-NH2. FAB-MS [m + H]+: 705; 

(101) POA-His-CVA-NH-(CH2)4-CH(CONH)(NH2). FAB-MS [m + HI+: 671; 
20 (102) L-Asparaginamide, l-(naphthoxy)acetyl-N-[2-hydroxy-5-methyl-l-(2- 

methylpropyl)^[[[2-methyl-l-([[2-(N-oxido)pyridinylmethyl]aminoJcarbonyl)butyl]amm 
onyl]hexyI]-N-alpha-methyI-. (1S-[1R*,2R*,4R«(1R*,2R*)]].; or NOA-Asp-CVA-Ile-Amp. 
Mass Spectrum: No exact mass obtained because of weak M -f- H+ ion. Other ions at m/z 
665,535,348,354,236,222, 157, 126, 109,86; 
25 (103) L-Asparaginamide, [5-(triethyleneglycol monomethyl ether)naphdioxyJacetyl-N- 

[2*ydroxy-5-methyI-l-(2-methylpropyI)^[[[2-mediyl-l-[[[2-(N-oxido)pyridinyl- 
methylJaminoJcarbonyl]butyl]amino]carbonyl]hexyI]-N-alpha-methyl-, ( IS- 
I1R*,2R*,4R*(1R*,2R*)]]; or 5-[CH3(OCH2CH2)30]-l-Noa-Asn-CVA-Ile-Amp; 

(104) L-Asparaginamide, [4-(trietliyleneglycol monomethyl ether)naplithoxyJacetyl-N- 
30 I2-hydroxy-5-metliyl-l-(2-methylpropyl)-4-I[[2-methyl-I-[[[2-(N-oxido)pyridinyImethyl]ami- 

no]carbonyl]butyl]amino)carbonyl]hexyI]-N-alpha-metfayI-, [1S-[1R*,2R*,4R*(1R*,2R*)]]; or 
4-[CH3(OCH2CH2)30]-l-Noa-Asn-CVA-ne-Anip; 

(105) L-Glycyl-5S-amino-6-cyclohexyl-3R,4R-<lihydroxy-2R-isopropyl-hexanoyl-=L- 
isoleucyl-2-pyridyJm«hylamide-; or Gly-CVD-Ile-Amp. FAB-MS (found): 548.3844; and 

35 (106) L-Glycyl-5S-amino-2R-benzyl-6-cyclohexyI-3R,4R-<lihy-droxy-hexanoylL- 

isoleucyl-2-pyridyl-m«hylamide; or Gly-CPD-He-Amp. FAB-MS (found): 596.3835. 
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The following describes the general procedures that are used in the preparations and 
examples below; 

Silica gel used for chromatography is obtained from Merch A.G,, Dannstadt, 
Germany. Silica gel OF, 250 micron slides obtained from Anaitech, Inc., Newark, DE are 
5 used for TLC. Celite is a filter aid manufactured by Jofans-Manville, New York. FAB mass 
spectra are obtained on a Varian CH5 mass spectrometer, IR spectra on a Digilab FTS15E and 
NMR spectra on a Brucker AM300. Melting points are taken in capillary tubes and are 
uncorrected. 

Procedure A - Boc group removal: 
10 A 5% solution of the Boc protected amine in an equal volume of methylene chloride 

and trifluoracetic acid is allowed to stir at room temp (temperature) for l-3h and then 
concentrated in vacuo. A solution of the residue in methylene chloride is washed once with 
aqueous sodium bicarbonate. The aqueous wash is backwashed twice with methylene chloride. 
The combined organic fractions are dried over magnesium sulfate and concentrated in vacuo. 
15 The residue is then used as is in the next step without further purification. 

Procedure B - Coupling an acid to an amine using diethyl cyanophosphonate (DEPC): 
To a nitrogen covered 0.04 molar solution of the free amine in methylene chloride is 
added 1.25 equivalents of the acid followed by 1.25 equivalents of triethylamine and 1.4 
equivalents of diediyl cyanophosphonate (DEPC). The solution is allowed to stir at room 
20 temperature for 2-24 hr, diluted with methylene chloride, and washed once with aqueous 

sodium bicarbonate. The aqueous fraction is backwashed twice with methylene chloride. The 
organic fractions are combined, dried over magnesium sulfate, and concentrated in vacuo. The 
residue is then chromatographed over silica gel to yield the coupled product 

Procedure C - Coupling an amine to an acid using diethyl cyanophosphonate (DEPC): 
25 To a nitrogen covered 0.04 molar solution of the acid in methylene chloride is added 

1.25 equivalents of the amine followed by 1.25 equivalents of triethylamine and 1.4 equivalents 
of diethyl cyanophosphonate. The solution is allowed to stir at room temperature for 2-24 hr, 
diluted with methylene chloride, and washed once with aqueous sodium bicarbonate. The 
aqueous fraction is backwashed twice with methylene chloride. The organic fractions are 
30 combined, dried over magnesium sulfate, and concentrated in vacuo. The residue is then 
chromatographed over silica gel to yield the coupled produa. 

Procedure D - Catalytic proton transfer hydrogenolysis: 

To a 0.01 molar suspension of the protected amine in N,N-dimethylfonnamide, under 
nitrogen is added 10% Pd/C catalyst and 11 equivalents of ammonium formate. The 
35 suspension is stirred at room temperature overnight, warmed in a warm water bath for 15 min 
and filtered through Celite, The solid is washed with warm N.N-dimethylfonnamide and the 
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— filtrate is-eoncentrated in vacuor The residue is dissolved in acetic acid7diluted. with'water and 
freeze dried to give product as the acetic acid salt. 
Procedure E - Preparative HPLC: 

To determine conditions for a separation on our preparative reverse phase HPLC 
column we first develop suitable conditions for the separation on an analytical column with the 
same packing. Using the parameters from this analytical separation and the equation Q in the 
Structure Chart below we are then able to calculate the maximum percent of solvent B for the 
gradient phase of the preparative separation. 

In equation Q, e(%) is the maximum percent of solvent B for the gradient phase of the 
prq)arative separation; t^ is the retention time (min) for unretained materials on the analytical 
column and t is the longest retention time (min) for the products of interest. The analytical 
separation is usually carried out with an isocratic elution phase followed by a linear gradient 
from the isocratic solvent concentration to 100% solvent B. For this mode of operation x 
represents the duration (min) of the isocratic portion of the separation and y represents the 
duration (min) of the gradient ponion. A (%) and B(%) represent the percent of solvents A 
and B in the initial isocratic solvent mixture. 

In a typical example. 

Solvent A - 90% H2O:0.1 % TFA:CH3CN 
Solvent B - 30% H2O:0. 1 % TFArCHjCN 
Analytical conditions: 

C>)lumn: Whatman Partisil ODS-3, 10 250 x 4.6 mm 

Isocratic solvent: 83% A: 17% B 

Isocratic duration (x): 2 min 

Linear gradient: 83% A: 17% B to 100% B 

Gradient duration (y): 20 min 

Flow rate: 2 ml/min 

tp = 1.2 min 

t = 12.63 min 

Result: e(%) = 51 (See equation U m the Structure Chart below.) 
PrqDarative conditions: 

Column: Whatman Partisil ODS-3, 10 fi, 500 x 22 mm 
Isocratic solvent: 83% A: 17% B 
Isocratic duration: 15 min 

Linear gradient: 83% A: 17% B to 49% A: 51% B 
Gradient duration: 90 min 
Flow rate; 3 ml/min 
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Using these conditions for the preparativ column a 0.0285 g sample Onjected onto the 
column in 0.7 ml of solvent B) is eluted in 138 min and is contained in 31.5 ml of eluant. 
Procedure F-Trifluoroacetic acid silyl ether cleavage. 

To a nitrogen covered 0.14 molar solution of the silyl ether in methylene chloride in an 
5 ice bath, a volume of trifluoroacetic acid equal to the volume of methylene chloride is added 
dropwise. The ice bath is removed and after stirring for 2,5-5.0 hr. (TLC monitored) the 
solution is concentrated in vacuo, A solution of the residue in methylene chloride is washed 
once with aqueous sodium bicarbonate, dried over magnesium sulfate, and concentrated in 
vacuo. The residue is then chromatographed over silica gel to yield product. 
10 PREPARATION 107 No,-[2S,4S,5S>5-(tert-Butoxy carbonylaminoH-(tert-butyld5- 

methylsilyloxy)-6-cyclohexyl-2-isopropyl-l-oxohexyl]-L-isoleucine or 
(Boc(OTBDMS)CVA He], 

A. To a nitrogen covered solution of 0.51 g of L-isoleucine, benzyl ester, P- 
toluenesulfonic acid salt in 24 ml of methylene chloride is added 0.34 ml of triethyiamine. 

15 After stirring at room temperature for 10 min, there is added 0.5 g of I2S,4S,5S)-5-(tert-butoxy 
carbonylamino)-4-(tert-butyldimethylsilyloxy)-6-cyclohexyl-2-isopropylhexanoicacid or 
Boc(OTBDMS) CVA (The Preparation of this compound is m U.S. Patent application. Serial 
No. 07/566,340 filed August 2, 1990, Pr^aration 48, page 100) and 0.22 ml of diethyl cyano- 
phosphonate. After stirring for an additional 19 hr at room temperature, the reaction mixture is 

20 diluted with methylene chloride, washed with aqueous sodium bicarbonate, dried over 

magnesium sulfate and concentrated in vacuo. Hie residue is chromatographed over 175 ml of 
silica gel (elution with 10% ethyl acetate: hexane) to yield 0.633 g of the coupled product (Hoc 
(OTBDMS) CVAIleOBz). 

The structure is supported by NMR and a FAB mass spectrum. Found: [m' at 

25 m/z 689. 

B. A mixture of 0.633 g of the benzyl ester of Part A and 0.2 g of 10% Pd/C 
catalyst in 25 mL of absolute ethanoi is stirred vigorously under hydrogen at atmospheric 
pressure. After 50 min the catalyst is removed by filtration through Celite and the filtrate is 
concentrated in vacuo to yield 0.507 g of the titled product. 

30 Physical cbaraaeristics of the titled product are as follows: 

The structure is supported by NMR and a FAB mass spectrum. Found: [m'+H]*^ at 
m/z 599. 

PREPARATION 108 No,-[(2S,4S,5S)-5-[N-{2-Pyridinylcarbonyl)aminoJ-6-cyclohexyl^ 
hydroxy-2-isopropy I- 1 -oxohexyl]-N-[2-(2-pyridinylamino)ethyI]-L- 
35 isoleucinamide or 2-Pyridinylcarbonyl-CVA-Ile-NH-(CH2)2-NH-2- 

pyridinyl. 
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A- BjTtlie coupling Pro"c©dure"C70^^ of the peptide of ft-q}aration^r^^ 
coupled with 2-(2-pyridylamino)ethylamine (prepared as described in Prqjarauon 109 below) 
and chromatographed ovej silica gel (3% methanol: 0.3% ammonium hydroxide: methylene 
chloride) to yi Id 0.4798 g of coupled product Boc(OTBDMS)CVAIleNH-(CH2)2-NH-2- 
5 pyridinyl. 

The structure is supported by NMR and a FAB mass spectrum Found: (m'+H]"^ at 
m/z 718. 

B. By the general Procedure A for Boc group removal, 0,15 g of the Boc amine of 
Part A yields 0.1299 g of the amine free base. The amine is then coupled (coupling Procedure 
10 B) to picolinic acid and chromatogr^hed over silica gel (3% methanol: 0.3% ammonium 
hydroxide: methylene chloride) to yield 0.1226 g of coupled product, 2- 
pyridinylcarbonyl(OTBDMS)CVA-ne-NH-(CH2)2-NH-2-pyridinyl. 

The structure is supported by NMR and a FAB mass spectrum. Found: 

(ni'-hH]+ at m/z 723. 

^5 C. To a nitrogen covered, ice bath cooled solution of 0.1226 g of the silyl ether of 

Part B in 1.2 ml of methylene chloride is added dropwise 1.2 ml of trifiuoroacetic acid. The 
ice bath is removed and after surring at room temperature for 3 hr, the solution is concentrated 
in vacuo. A solution of the residue in methylene chloride is washed once with aqueous sodium 
bicarbonate, dried over magnesium sulfate and concentrated in vacuo. The residue is 

20 chromatographed over silica gel (3.5% methanol: 0.35% ammonium hydroxide: methylene 
chloride) to yield 0.0802 g of the titled product. 

Physical charaaeristics of the tided product are as follows: 

The structure is supported by a high resolution FAB mass spectrum. Found: [m -hH]"^ 
at m/z 609. Measured = 609.4116. 
25 CV-1 Assay (% Inhibition): 100% at 10 ^M; 82% 1 fiM; 18% at 0.3 ^M; 1% at 0.1 

/iM. 

PREPARATION 109 2-(2-Pyridylaniino)ethylamine. 

To 73 ml of nitrogen covered ethylenediamine cooled to just above the freezing point 

widi the intermittent use of an ice bath is added 4.3 ml of 2-chloropyridine over 15 min. After 
30 stirring m the cold for an additional 25 min, the ice bath is removed and the solution is stined 

at room temperature for 24 hr and then heated at 85** for 24 hr and at 125"-130*' for 48 hr. 

After cooling, the reaction mixture is concentrated in vacuo. The residue is treated with water 

and extracted 3 times wifli ethyl acetate. The combined extracts are washed with brine, dried 

over magnesium sulfate, and concentrated in vacuo. The residue is chromatographed over 300 
35 ml of silica gel. Elution is carried out first using 3% medianolrmethylene chloride containing 

0.3% ammonium hydroxide colleaing 12 ml fractions. At fraction 137, the solvent is changed 
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to 5% methanolimetfaylene chloride containing 0.5% ammonium liydroxide and then at fraction 
277 the solvent is changed |o 30% methanol rmethylene chloride containing 0.5% ammonium 
hydroxide and 21 ml fractions are then collected. Fractions 366-420 are combined to yield 
1.52 g of the titled product. 
5 Physical characteristics of the tide product are as follows: 

The structure is supported by NMR, IR, and mass spectra. 
EXAMPLE 1 N^-[(2S,4S,5S)-5-[N.(2-Pyridmylcarbonyl)amino]-6-cyclohexyl.4-(0- 

phosphoryI)-2-isopropyl-l-oxohexyl]-N-(2-pyridinylmediyl)-L-isoleucinamide, 
hydrochloric acid salt or 2-Pyridinylcarbonyl-(OP03H2)CVA-Ile-Amp. 
10 According to the procedure described in Example 2, below the product from 

Preparation 108 is allowed to react first with di-tert-butyl N,N-diethylphorphoraniidite and IH- 
tetrazole and then with m-chloroperoxybenzoic acid to give N^-[{2S,4S,5S)-5-[N-(2-pyridinyl- 
carbonyI)amino]-6-cyclohexyW-{OKii-tert-butylphosphoryI)-2-isopropyl-lK)xohexyI]-N-[2-^^ 
pyridinylamino)ethyl]-L-isoleucinamide which is treated with concentrated hydrochloride acid to 
15 give the tided product. 

PREPARATION 110 Na-[(2S,4S,5S)-5-(tert-Butoxy carbonylamino)-4-(tert-butyldimethyl. 

sUyioxy)-6-cyclohexyl-2-isopropyl-l-oxohexyi]-N-(2-pyridinyl)raethyI]- 
L-isoleucinamide or Boc (OTBDMS) CVA Be Amp. 
By coupling Procedure C, 0.507 g of the peptide of Preparation 107 is coupled with 2- 
20 {aminomediyl)pyridine and chromatogr^hed over 150 ml of silica gel (elution with 3% 
methanohmethylene chloride containing 0.3% ammonium hydroxide) to yield 0.48 g of the 
titled product. 

Physical characteristics of the titled product are as follows: 
The structure is supported by NMR. 
25 Mass spectrum Found: (m *] at m/z 688. 

PREPARATION 111 Nj^-[(2S,4S^S)-5-Amino-4Htert-butyIdimethylsilyloxy)-6-cyclohexy^ 
isopropyl-l-oxohexyl]-N-{2-pyridinylmediyl)-L-isoieucinamide or 
(OTBDMS) CVA-De^Amp. 
By the general Procedure A for Boc group removal, 1 .0 g of the Boc protected amine 
30 of Preparation 1 10 yields 0.968 g of the amine free base. 

PREPARATION 112 N«-[(2S,4S,5S)-5-[N-(2-Pyridinyicarbonyl)amino]-6-cydohexyl^ 
hydroxy-2-isopropyH-oxohexyl]-N-(2-pyridinylmethyl).L-isoleucin- 
amide or 2-Pyridmylcarbonyl-CVA-IJe-Amp. 
A. By the general coupling Procedure B, 0. 10 g of the amine free base of 
35 Prq}aration 111 is coupled with picolinic acid and chromatogr^hed over silica gel (2.5% 

medianol: 0.25% ammonium hydroxide;methylene chloride) to yield 0.077 g of the product 2- 
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pyfidinyIcaa)OTyR^ ™" 
The structure is supported by NMR. 
FAB mass spectnim^Found: (m* +H]*^ at mJz 694. 

B. By the general procedure F, 0.0770 g of the sUyl ether of Part A is allowed to 
5 react and is then chromatographed over silica gel (3.5% medianol: 0.35% ammonium 
hydroxide:mediylene chloride) to yield 0.0448 g of the titled product. 
Physical characteristics of the titled product are as follows: 

The strucmre is supported by a high resolution FAB mass spectrum Found: (m+H]"*" at 
m/z 580. Measured = 580.3858. 
10 CV-1 Assay (% Inhibition): 85% at 10 fiM; 84% at 10 fiU; 65% at 3 fiM; 40% at 1 

fiM; 16% at 0.3 ^M; 11% at 0.1 ^M. 
HrV-1 Protease (Kj, nM): 30. 
EXAMPLE 2 N^-[(2S,4S,5S)-5-fN-(2-Pyridinylcarbonyl)amino]-6^yclohexyl-4-(0- 

phosphoryl).2-isopropyl-lK>xohexy!]-N-(2-pyridinylmethyl)-L-isoleucinamide 
^5 trifluoroacetic acid salt or 2-Pyridinylcarbonyl-(OP03H2)CVA-Ile-Amp. 

To a stirred solution of the product from Preparation 1 12 (O.lOOg) in 
tetrahydroforuan (5 ml), under nitrogen, is added IH-tetrazole (0.073 g) and di-tert-butyl N,N- 
diethyiphosphoramidite (0.14 ml). This mixture is kept at ambient temperature (25^ for 52 hr, 
cooled in an ice bath and treated during 2 min with a solution of 85% m-chloroperoxybenzoic 
20 acid (0.105g) in methylene chloride (2 ml). It is kept in the ice bath for an additional 20 min. 
and then treated with a 10% aqueous solution of sodium sulfite (4.2 ml). The layers are 
sqjarated and the aqueous layer is extracted with methylene chloride. The organic layers are 
combined, dried over magnesium sulfate and concentrated in vacuo. The residue is 
chromatographed over silica gel (3.75% medianol:0.38% ammonium hydroxideimethylene 
25 chloride) to yield 0.086 g of N^-[(2S,4S,5S)-5-[N-(2-pyridinylcarbonyl)amino]-6-cyclohexyI-4- 
(O-di-tert-butyl phosphoryl)-2-isopropyi-ls)xohexyl]-N-(2-pyridinylm^yl>L-isoleucinamide. 
A solution of this produa in tetrahydrofiiran (0.9 ml), under nitrogen, is treated, dropwise with 
0.44 ml of concentrated hydrochloric acid. It is stirred for 1 hr at ambient temperature and 
then concentrated in vacuo to one half of its original volume. The residue is freeze dried to 
30 give 0.087 g of the titled produa as its hydrochloric acid salt. A portion of this material 

(0.055 g) is chromatogr^hed over a 22 x 500 mm Partisil -10 ODS-3 preparative reverse phase 
HPLC column (see general procedure E). Elution is isocratic at 83% solvent A:17% solvent B 
for 15 min followed by a linear gradient to 40% solvent A:60% solvent B during 90 min. The 
flow rate is 3 ml per min. The yield of the tided product is 0.0171 g. 
35 Physical charaaeristic of the tide product are as follows: 

FAB mass spectrum: found fM+H]"*" at m/z 660, measured 660.3521. 
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CV-1 Assay (%Inhibition): 49% at lOftM; 40% at l^tM. 
PREPARATION 113 N^-[(2S,4S,5S)-5-[N-[2-(3-Pyridinyl)etheiiylcarbonyl]amino]^ 

cyclohexy]-4-hydroxy-2-isopropyl-l-oxohexyl]-N-(2-pyridinylmethyI)-L- 
isoleucinamide or 3-Pyridinyl-CH=CH-C(0)-CVA-Ile-Amp. 
5 CV-1 Assay (% Inhibition): 57% at 1 ^M; 68% at 1 /iM. 

A. By the general coupling Procedure B, 0.20 g of the amine free base of 
Preparation 111 is coupled with 3-(3-pyridyl)acrylic acid and chromatographed over silica gel 
(4% medianol: 0.4% ammonium hydroxide: methylene chloride) to yield 0.175 g of the product 
3-pyridinyl-CH = CH-C(0)-(OTBDMS) CVA-Ile-Amp. 

10 The structure is supported by NMR. 

FAB mass spectrum Found: fM' +H]'*" at m/z 720. 

B. By die general Procedure F for silyl ether cleavage, 0.171 g of the silyl ether of 
Part A is allowed to react and is then chromatographed over silica gel (5% methanol: 0.5% 
ammonium hydroxide:methyiene chloride) to yield 0.122 g of the titled product as a crystalline 

15 solid. 

Physical characteristics of the titled product are as follows: 
M. p: 216-220°C, 

The structure is supported by a high resolution FAB mass spectrum. Found: 
[m^ +H]'*' at m/z 606. Measured = 606.4025. 
20 HR FAB MS [m + H]+ at m/z 606.4025. 

EXAMPLE 3 N^-[(2S,4S,5S)-5-[N-f2-(3-PyridinyI)ethenylcarbonyl]amino]-6-cyclohexyl^(^^ 
phosphoryl>2-isopropyM-oxohexyl]-N-(2-pyridinylmethyI>-L-isoleucinamide, 
hydrochloric acid salt or 3-Pyridinyl-CH=CH-C(0)-(OPO3H2)CVA-Ile-Amp. 
According to the procedure described in Example 2 the produa from Preparation 1 13 is 
25 allowed to react first with di-tert-butyl N,N-diethylphosphoraraidite and IH-tetrazole and then 
widi m-chloroperoxybenzoic acid to give N^-[(2S,4S4S)-5-[N-[2-(3-pryidinyl) 
ethenyicarbonyI]amino]-6^yclohexyl-4-(0-di-tert-butylphosphoryl)-2-isopro^ 
(2-pyridinylmethyl>-L-isoleucinamide which is treated with concentrated hydrochloric acid to 
give the dtled product 

30 PREPARATION 114 N«-[(2S,4S,5S)-5-[N-f2-(3-Pyridinyl)ethylcarbonyl]ammo]^ 

cyclohexyl-44iydroxy-2-isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L- 
isoleucinamide or 3-Pyridinyl-(CH2)2-C(0)-CVA-Ile-Amp. 
To a nitrogen covered, partial solution of 0.0653 g of the alkene of Preparation 1 13 in 
4 ml of absolute ethanol is added 0.02 g of 10% Pd/C catalyst. Hie mixture is placed on an 
35 atmospheric hydrogenator with vigorous stirring. After 22.5 hr the mixture is removed and 
filtered through Celite to remove the catalyst. The filtrate is concentrated in vacuo. The 
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„ residue is ehromatographed over sOica gel (5 " 

methylene chloride) to yield 0.0577 g of the tided product. 

Physical characteristics of the titled produa are as follows: 

The structure is supported by a high resolution FAB mass spectrum. Found [M ' +H]'*' 
5 at mJz 608. Measured 608.4166. 

CV-1 Assay (% Inhibition): 18% at 1 /iM; 50% at 1 /iM. 
EXAMPLE 4 N^-((2S,4S,5S)-5-[N-[2-(3-Pyridiny!)ethylcarbonyI]amino]-6-cyclohexyl^^ 
phosphoryl)-2-isopropyl-l-oxohexylJ-N-(2i)yridinylmethyl)-L- 
isoleuctnamide,hydrochloric acid salt or 3-Pyridinyl-(CH2)2-C(0)- 
10 (OP03H2)CVA-Ile-Amp. 

According to the procedure described in Example 2, the product torn Preparation 114 
is allowed to react first with di-tert-butyl N,N-diethylphosphoramidite and IH-tetrazole and then 
with m-chloroperoxybenzoic acid to give N^-[(2S,4S,5S)-5-[N-[2-(3-pyridinyl)- 
ethylcarbonyl]amino]-6-cyclohexyl^0-di-tert-butyl phosphoryl)-2-isopropyl-l-oxohexyI]-N-(2- 
15 pyridinylmethyl)-L-isoieucinamide which is treated with concentrated hydrochloric acid to give 
the tided product 

PREPARATION 115 2-[(2,4-Diaminopyrimidin-6-yl]amino]ethylamine. 

A nitrogen covered mixture of 5.0 g of 4-cfaloro-2, 6-diaminopyrimidine in 60 ml of 
ethylenediamine is heated at 85° for 24 hr at 130** for 22 hr and then allowed to stand at room 
20 temperature for 24 h. The residual ethylenediamme is removed by distillation and the pot 
residue is slurried in 1:1 methanol rmethyiene chloride. 

The suspended solid (4,855 g) is collected on a filter and dried under vacuum. A 
portion (0.5 g) of this solid residue is chromatographed over a 50 ml silica gel column (elution 
with 50% methanolrmethylene chloride containing 1% ammonium hydroxide) and 4,8 ml 
25 fractions are collected. Fractions 47-1 10 are combined to yield 0.323 g of the tide product. 
Physical characteristics of die titled product are as follows: 
The structure is supported by mass spectrum, found M"*" at m/z 168. 
PREPARATION 116 N^.[(2S, 4S, 5S>5-fN-[N^-(l-Naphthalenyloxyacetyl)-L.histidyl]a- 
mino]-6-cyclohexyI-44iydroxy-2-isopropyl-l-oxohexyl]-N-(2- 
30 pyridinylmethyl-L-isoleucinamide or NOA-His-CVA-De-Amp. 

A. By the general Procedure A for Boc group removal, 0.20 g of die Boc amine of 
Preparation 110 yields 0.191 g of die free amine. The amine is dien coupled (couplmg 
Procedure B) with Boc-im-tosyl histidme and chromatographed over 150 ml of silica gel 
(elution with 3% methanolrmethylene chloride containing 0.3% ammonhim hydroxide) to yield 
35 0.241 g of the coupled product, Boc (Tos) His (OTBDMS)CVA He Amp. The structure was 
supported by NMR and a FAB mass spectrum. Found: [m-hH]"*" at mz 980. 
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B. By the general Procedure A for Boc group removal, 0.206 g of the Boc amino 
silyl ether of Part A yielded 0.1716 g of the amine free base having the silyl ether cleaved. A 

portion 0.104 g of the free base is coupled (coupling Procedure B) with l-naphthalenyloxyacetic 
acid and chromatographed over silica gel (3.5% methanol :0, 35% ammonium 
5 hydroxideimethylene chloride) to yield 0.102 g of couled product, NOA(Tos) His CVA He 
Amp. The structure is supported by a FAB mass spectrum. Found; [nr-f H]"*" at miz 950. 

C. To a nitrogen covered solution of 0.030 g of the tosyl protected peptide of Part 
B in 2.6 ml of dimethylformamide is added 0.043 g of l-hydroxybenzotriazole. After stirring 
at room temperature for 18.5 hours the mixture is concentrated in vacuo. Hie residue is 

10 chromatographed over silica gel to yield 0.0222 g of the titled product. 
Physical Characteristics of the titled product are as follows: 
FAB mass spectrum. Found: [m-f H]"^ at m/z 796. Measured = 796.4794. 
EXAMPLE 5 N^-[(2S,4S,5S)-5-[N-[N^-(l-NaphthalenyIoxy acetyl)-L.histidyI]amino]-6- 

cyclohexyl-4-(0-phosphoryl)-2-isopropyl-l-oxohexyl}-N-(2-pyridinylmethyl)-L- 
15 isoleucinamide, trifluoroacetic acid salt or NOA-His-(OP03H2)CVA-Ile-Amp. 

A mixture of flame-dried lithium chloride (0.020 g) and the product from Preparation 
116 (0.100 g) in tetrahydrofuran (5 ml) is stirred, under nitrogen at ambient temperature for 18 
hr; the solids have dissolved to give a gel. This mixture is then treated with IH-tetrazol (0.053 
g) and di-tert-butyl N,N-diethylphosphoramidite (0.11 ml) and stirred at ambient temperature 
20 for 24 hr. Additional IH-tetrazol (0.053 g) and di-tert-butyl N,N-diethylphosphoramidite (0.1 1 
ml) are added and stirring is continued for 24 hr. The mixture is then cooled in an ice bath, 
treated during 2.5 min with a solution of 85% m-chloroperoxybenzoic acid (0.154 g) in 
methylene diloride (3 ml), stirred for 20 rain and treated with 10% aqueous sodium bisulfite 
(6. 15 ml). It is then extracted with methylene chloride, the extract is concentrated in vacuo and 
25 the residue chromatographed on silica gel with 5% methanol - 0.5% ammonium hydroxide- 
methylene chloride to yield 0.0382 g of N^-[(2S,4S,5S)-5-[N-[N^-(l"naphtiialenyloxyacetyl)-L- 
histidyl]amino]-6-cyclohexyl-4-((>diHert-*utylphosphoryl)-2-isopropyl-l-oxohexyl]-N-(2^ 
pyridinylmethyl)-L-isoleucinamide. A stirred solution of this product (0.025 g) in 
tetrahydrofuran (0.2 ml), under nitrogen, is treated with concentrated hydrochloric acid (0. 1 
30 ml), kept at ambient temperature for 1.3 hr. and concentrated under a stream of nitrogen to one 
third of its original volume. The residue is treated with water (3 ml) and freeze dried to give a 
waxy solid. A portion of this material is chromatographed on a preparative HPLC column (see 
general Procedure E). Elution is isocratic at 83% solvent A:17% solvent B for 15 min. 
followed by a linear gradient to 32% solvent A:68% solvent B over 90 min; the flow rate is 3 
35 ml/min. The pure tided product is thus obtained. 

Physical charaaeristics of the tilled product are as follows: 
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FAB mass specmTrnTfound fM+H"^ at m/z 876, measured 876.4446. 
EXAMPLE 6 l-NaphthoxyacetyI-L4iistidyI-5S-amino-6-cyclohexyI-3R,4R-0,0-phosphoryl- 
2R-isopropy^4iexanoyI-L-isoleucyl-2-pyridylmethylamide (Formula A-3) Refer 
to Chart A. 

5 8 mg of lithium chloride is flame-dried under reduced pressure and allowed to cool to 

room temperature under argon. To this material is added 40 mg of 1-naphthoxyacetyl-L- 

histidyl-5S-aniino-6-cyciohexyl-3R,4R-dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2- 
pyridylmethylamide A-1 prq)ared as described in PCT International Publication No. WO 
87/05302, published 11 September 1987, and 21 mg of IH-tetrazole, followed by 0.5 mL of 
10 anhydrous tetrahydrofiiran. After stirring for 30 min, 42 fiL of di-ren-butyl N,N-diethyl- 
phosphoramidite is added and the resulting mixture is allowed to stir overnight. The reaction 
mature is cooled to 0° and 30 mg of 85% m-chloroperbenzoic acid in a small amount of 
dichloromethane is added. After 20 min, additional dichloromethane and methanol is added to 
give a clear solution, and then excess aqueous sodium bisulfite is added. The reaction mixture 
15 is extracted with dichloromethane with a small amount of medianol. The organic phase is dried 
(magnesium sulfate) and then concentrated. The residue is chromatographed on silica gel with 
5%'10% methanol in dichloromethane to give 13.2 mg of l-naphthoxyacetyl-L-histidyl-5S- 
amino-6<yclohexyl-3R,4R-0,0-tert-butyloxyphosphoryl-2R-isopropy!-hexanoyl-L-is^ 
pyridylm^ylamide (A-2). ^H-NMR spectrum is consistent with the proposed structure, FAB- 
20 MS: [M+H]+ at m/z 930 for C^gH^gN^O^P. 

To a stirred solution of 13 mg of l-naphthoxyacetyI-L-histidyl-5S-amino-6-cyclohexyI- 
3R,4R-0,0-iert-butyloxyphosphoryI-2R-isopropyl-hexanoyl-L-isoleucyl-2-^pyridylmethyiami 
(A-2) in 0,4 mL of tetrahydrofuran is added 0.2 mL of concentrate hydrochloric acid. After 1 
hr, the mixture is concentrated and the residue evj^jorated with two portions of ethanol to give 
25 12 mg of the titled product. 

Physical characteristics of the titled produa are as follows: 
FAB-MS: [M+H]+ at m/z 874 for C^s^^^jO^. 
%-NMR spectrum is consistent wiA the proposed structure. 
CV-1 Assay (% Inhibition): 86% at 10/iM; 24% at l^tM, 
30 PREPARATION 116a tert-Butyloxycarbonyl-L-seryl-2-pyridylmethylamide (Formula B-3) 

Refer to Chart B. 

To a stirred solution of 410 mg of tert-butyloxycarbonyl-L-serine (B-1) and 0.23 mL of 
2-pyridylmeihylamine (B-2) in 8 mL of dimethylforamide is added 0.44 mL of 
diisopropylethylamine and 986 mg of benzotriazol-l-yloxy-tris(dimedjylamino)phosphonium 
35 hexafiuorophosphate. After stirring overnight, the concentrated reaction mixture is 

chromatographed on silica gel with 4%-8% methanol in dichloromethane to give 700 mg of the 
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titled product. 

Physical characteristics of the titled product are as follows: 
^H-NMR spectrum is consistent with the proposed structure. 
PREPARATION 117 L-SeryI-2-pyridyimethylamide (Formula B-4) Refer to Chart B. 
5 A solution of 700 mg of the titled product of Preparation 116a in 4 mL of 

dichlororaethane and 4 mL of trifluoroacetic acid is allowed to stir for 1 hr. The reaction 
mixture is added slowly to 200 mL of 2:l=ether:hexane. The residue is evaporated with 
toluene to give 700 mg of the bis trifluoroacetate salt of the titled product. 
Physical characteristics of the titled produa are as follows: 
10 ^H-NMR spectrum is consistent with the proposed structure. 

PREPARATION 118 5S-tert-Butyloxycarbonyiamino-4S-tert-butyldimethylsilyloxy-6- 
cyclohexyl-2S-isopropyl-hexanoyl-L-seryl-2-pyridylmediylamide 
(Formula B-5) Refer to Chart B. 
To a stirred solution of 700 mg of the titled product of Preparation 117 and 1.4 mL of 
15 diisopropylethylamine in 8 mL of dimethylforamide is added 1.21 g of 5S-tert- 

butyloxycarbonylamino-4S-tert-butyldimethyisilyIoxy-6-cyclohexyl-2S-isopropyl-hexanoicacid 
and LI g of benzotriazol-l-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate. After 
stirring overnight, the concentrated mixture is chromatographed on silica gel with 4% -8% 
methanol in dichloromethane to give 1.3 g of the titled product. 
20 Physical characteristics of the title product are as follows: 

FAB-MS: [M+H]+ at m/z 663 for C35H62N40gSi. 
^H-NMR spectrum is consistent with the proposed structure. 
PREPARATION 1 19 5S-Ammo-4S-tert-butyldimethylsilyloxy-6-cyclohexyl-2S-isopropyl- 
hexanoyl-L-seryl-2^yridylmethylamide (Formula B-7) Refer to Chart 
25 B. 

A solution of 215 mg of the titled product of Preparation 118 in 1 mL of 
dichloromethane and 1 mL of trifluoroacetic acid is allowed to stir for 1 hr. The reaction 
mixture is partitioned between dichloromethane and aqueous sodium bicarbonate. The organic 
phase is dried (magnesium sulfate) and then concentrated to give 184 mg of the titled product. 
30 Physical characteristics of the titled product are as follows: 

^H-NMR spectrum is consistent with the proposed structure. 
PREPARATION 120 1 -Naphdioxyacetyl-N™-tert-butyloxycarbonyl-L-histidyl-5S-amino-4S- 

tert-butyldimethylsilyloxy-6-cyclohexyl-2S-isopropyl-hexanoyl-L-seryl-2- 
pyridylmethylamide (Formula B-8) Refer to Chart B. 
35 To a stirred solution of 160 mg of I-naphthoxyacetyl-N"°-tert-butyIoxycarbonyl-L- 

histidine B-6 and 184 mg of the titled product of Preparation 119 in 1 mL of dimethylforamide 
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" ^ is^Sed 80 AiL of diisopr mg^f benzotriazd-T-yloxy^tris(^ 

tiiylamino)phosphonium hexafiuorophosphate. After stirring overnight, the concentrated 
reaction mixture is chromatqgraphed on silica gel with 4%-8% methanol in dichloromethane to 
give 184 mg of the titled product. 
5 Physical characteristics of the titled product are as follows: 

FAB-MS: [M+H]+ at m/z 9843 for C53H77N709Si. 
^H-NMR spectrum is consistent with the proposed structure. 
PREPARATION 121 ^Naphthoxyacety^N™-te^t-butyloxycarbonyl-L-histidyl-5S-ami^o-4S- 
tert-butyldimethylsilyloxy-6-cyclohexyl-2S-isopropyl-hexanoyl-0-di-tert- 
10 butyiphosphate-L-seryI-2-pyridylmethylamide (Formula B-9) Refer to 

Chart B. 

To a stirred solution of 49 mg of the titled product of Preparation 120 and 21 mg of 
IH-tetrazole in 0.5 mL of tetrahydroftiran is added 42 /iL of di-tert-butyl N,N- 
diethylphosphoramidite. After stirring at room temperature overnight, the reaction mixture is 
15 cooled to 0°C and 50 mg of 85% m-chloroperbenzoic acid in a small amount of dichlorome- 
thane is added. After 30 min, excess aqueous sodium bisulfite is added and the resulting 
mixture extracted with dichloromethane. The organic phase is dried (magnesium sulfate) and 
then concentrated. The residue is diromatographed on silica gel with 4%-8% methanol in 
dichloromethane to give 45 mg of the titled produa. 
20 Physical characteristics of the titled produa are as follows: 

FAB-MS: [M-hH]+ at m/z 1176 for C6iH94N70i2PSi, 
^H-NMR spectrum is consistent with the proposed structure. 
EXAMPLE 7 l-N^hthoxyacetyl-L-histidyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S- 

isopropyl-hexanoyl-Oi)hosphoryl-L-seryl-2-pyridylmethyIamide (Formu- 
25 la B-10) Refer to Chart B. 

To a stirred solution of 45 mg of the titled product of Preparation 121 in 0.5 mL of 
dichloromethane is added 0,5 mL of trifluoroacetic acid. After 2 hr, the reaction mixture is 
slowly added to 80 mL of 2:1 = hexane:ether. The resulting mixture is centrifiiged and the 
supernatant removed. The residue is washed with 2:1 = hexane:ether and then dried to give 
30 17.8 mg of the tided product. 

Physical charaaeristics of the titled product are as follows: 
FAB-MS: fM+H]+ at ra/z 850 for C42H5^N70ioP. 
%-NMR spectrum is consistent with the proposed structure. 
PREPARATION 122 3-[3(R)-I3-(tert-Butyloxycarbonyl)-2,2-dimethyM(S)-(2-methyl- 
35 cyclohexyI)-5(R>oxazolidinyl]-3-hydroxy-2(R)-isobutyl-l-oxopropyl]- 

4(R)-methyl-5(S>phenyl-2-oxa2olidinone (Formula C-3) Refer to Chart 
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C. 

To a flame-dried flask under an atmosphere of argon gas containing 623 mg of 4(R)- 
methyl-3-(l-oxo-4-methylpentyI)-5(S)-phenyI-2-oxazoIidinone (C-2) as a solution in 1.0 mL of 
dry dichioromethane at OP is slowly added 2.50 mL of dibutylboron triflate and 0.47 mL of 
5 diisopropylethylamine. After 30 minutes the solution is cooled to -78^ and 736 mg of 3-(tert- 
butyloxycarbonyl)-2,2-dimethyI-5(R)-formyM(S)-(2-methylcyclofaexyI)oxazolidine(C-^ is 
added as a solution in LO mL of dichioromethane with 2 x 0 J mL rinses. After 30 minutes 
the reaction is warmed to room temperature for 2 hours. The mixture is then cooled to 0^ and 
treated with 2.5 mL of LO M phosphate buffer (pH=7), 5.0 mL of medianol and 2.5 mL of 

10 30% aqueous hydrogen peroxide. The reaction is stirred for an additional hour, warmed to 
room temperature and partioned between dilute phosphate buffer and dichioromethane. The 
aqueous layer is extracted with additional portions of dichioromethane and the resulting organic 
layers are combined, dried (magnesium sulfate), and concentrated under reduced pressure. The 
residue is flash chromatographed (15% to 30% ethyl acetate in hexanes) on silica gel to afford 

15 0.81 g of the titled product as a white foam. 

Physical characteristics of the tided product are as follows: 

^H-NMR FAB HRMS: (300 MHz) 0.9-2.0, 0.95, L49, 1.52, 1.65, 2.61, 3.71, 3.84, 
4.12, 4.83, 5.65, 7.4. C34H52N2O7 (m+H)=601.3882. 
PREPARATION 123 3-I3(R)-[3-(tert-Butyloxycarbonyl)-2,2-dimethyM(S)-{2-mediyl- 
^0 cyclohexyl)-5(R)-oxazoiidinyI]-3-hydroxy-2(R)-isobutyi-propanoicacid 

(Formula C-4) Refer to Chart C. 
To a stirring solution of the 0.80 g of die tided product of Preparation 122 in 13 mL of 
methanol at 0° is added 0.85 mL of 30% aqueous hydrogen peroxide and 120 mg of lithium 
hydroxide hydrate in 7.0 ml water. The resulting cloudy mixture with precipitant is warmed to 
25 room temperature and stirred for 4 hours. The reaction is then diluted witii diethyl ether and 
partioned against saturated aqueous sodium bicarbonate. The aqueous layer is extraaed with an 
additional portion of diethyl ether and tfien acidified with 6 N hydrochloric add employing 
methyl orange as an mdicator. The acidic aqueous layer is re-extracted with diethyl ^er (6x). 
The organic extraction layers are combined, dried (magnesium sulfate), and concentrated under 
30 reduced pressure. The residue is flash chromatographed on silica gel to afford 382 mg of the 
tided compound as a white solid. 

Physical charaaeristics of die tided product are as follows: 

iR-NMR and FAB HRMS: (300 MHz) 0.9-1.9, 0.95, 1.47, 1.49, 1.62, 2.63, 3.72, 
3.84, 3.95:C24H43N06 (m-fH)=442.3196. 
35 PREPARATION 124 3-[3(R)-[3-(tert-Butyloxycarbonyl)-2,2-dimediyl-4(S)-(2-mediyl- 

cyciohexyl^5(R)-oxazolidinyI]-3-hydroxy-2(R)-isobutyI-p^opanoyl-L- 
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isoleucyT-2-pyridylmethylainide (FomuU C-6) Refer to Chart C. 
To a stirring solution of 382 mg of the titled produa of Preparation 123 and 290 mg of 
L-isoleucyl-2-pyridylmethyljimine (C-5) in 8.0 mL of dichlorometiiane is added 0.30 mL of 
diisopropylethylamine and 0.20 mL of diethyl cyanophosphonate. After 4 days the reaction 
5 mixture is concentrated under reduced pressure. The residue is flash chromatographed (60% to 
100% ethyl acetate in hexanes) on silica gel to afford 361 mg of the Utled product as a white 
solid. 

Physical characteristics of the titled produrt are as follows: 
^H-NMR and FAB HRMS: C36H60N4O6 (m+H)=645.4573. 
10 PREPARATION 125 5S-Amino^clohexyl-3R,4R-dihydroxy-2R-isobutyl-hexanoyl-L- 

isoleucyl-2-pyridylmethylamide (Formula C-7) Refer to Chart C. 
To a flask containuig 5.0 mL of methanol at 0° is slowly added 0.36 mL of acetyl 
chloride. After 15 minutes the solution is warmed to room temperature and stirred for an 
additional 15 minutes. TTie medianolic hydrogen chloride is then added to a flask containing 
15 361 mg of the tiUed product of Preparation 124. The solid dissolves and is left to stir at room 
temperamre. After 7 hours the reaction mixnire is dUuted with dichloromethane and slowly 
treated with excess solid sodium bicarljonate. The cloudy suspension is stirred 2.5 hours, 
filtered through Celite with dichlorometfiane washings and finally concentrated under reduced 
pressure. Hie residue is gravity chromatographed (2% to 6% methanol in dichloromediane) on 
20 sUica gel to afford 167 mg of the tided product as a white solid. 
Physical characteristics are as follows: 
*H-NMR and FAB MS: C2gH48N404 (m-»-H)=505. 
PREPARATION 126 Cyclohexanecarbonyl-5S-amino-6-cyclohexyI-3R,4R-dihydroxy-2R- 
isobutyl-hexanoyl-L-isoleucyl-2-pyridylmediylamide (Formula C-8) 
25 Refer to Chart C. 

To a stirring solution of 40 mg of the titled produrt of Prq)aration 20 and 16 mg of 
cyclohexylcarboxylic acid in 0.8 mL of dichloromethane is added 26 fiL of diisoprop- 
ylethylamine and 18 mL of diethylphosphoryl cyanide. After 4 days die reartion mixture is 
concentrated under reduced pressure. The residue is gravity chromatographed (2% to 695 
30 medianol in dichlorometiiane) on sUica gel to afford 25 mg of the tided product as a white 
solid. 

Physical chracteristics of the titled produrt are as follows: 

%-NMR and FAB HRMS: C35H58N4O5 (m-f-H)=615.44S0. 

By ft)llowing a similar procedure, the compound cydohexanecarbonyl-5S-amino^ 

35 cyclohexyI-3R,4R-dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2-pyridylmethylamide;or 
cyclohexane-carbonyl-CVD-De-Amp may be prqjared. 
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PREPARATION 127 tert-ButyJ-0-(4-quinolinyl)-glycoHc carboxyiate (Formula D-2) Refer to 
Ch^ D. 

To a flame-dried flask under an amiosphere of argon gas is added 206 mg of potassium 
hydride (35% wt/oil). The hydride is washed with diethyl edier (2x), dried under high 
5 vacuum, and suspended in 5.0 mL of dry tetrahydrofiiran. The flask is then slowly treated with 
145 rag of 4-hydroxyquinoIine (D-1) in portions. A white precipitant quickly forms. After 15 
minutes the mixture is treated with 0.23 mL of tert-butylbromoacetate. The resulting pale 
orange solution is left to stir at room temperature for 3 days. The suspension is then slowly 
treated with methanol and filtered through Celite with dichlorometfaane washings. The filtrate 
10 is concentrated under reduced pressure. The residue is flash chromatographed (2% to 6% 

methanol in dichloromethane) on silica gel to afford 120 mg of the titled product as pale yellow 
crystals. 

Physical characteristics of the titled product are as follows: 
^H-NMR (300 MHz) 1.43, 4,68, 6.27, 7.20, 7,38, 7.47, 7.64, 8.44 
15 MS (El) m/e 259 (M+). 

PREPARATION 128 0-(4-Quinolinyi)-giycolic acid (Formula D-3) Refer to Chart D. 

To a flask containing 120 mg of the titled product of Preparation 127 is added 5,0 mL 
of 1:1 trifluoroacetic acid and dichloromethane. The solid quickly dissolves aiui is left to stir at 
room temperature. After 2 hours the solution is slowly added to 100 mL of 1:2 diethyl 
20 etfaer:hexanes in a dropwise fashion. A white precipitant ftirms which is then centrifiiged, 
washed with diethyl etherrhexanes, and finally dried under high vacuum to afford 1 17 mg of 
the titled product as the off-white trifluoroacetate salt. 

Physical characteristics of the tided produa are as follows: 
FAB-MS: C11H9NO3 (m+H)=204. 
25 PREPARATION 129 N-(4-QuinoIinyl)oxyacetyl-5S-amino-6-cyclohexyMS-hydroxy-2S- 

isopropyl-hexanoyl-L-isoleucyl-2-pyridylmethylamide (Formula D-5) 
Refer to Chart D. 

To a suspension of 26 mg of the tided product of Prq}aration 128 trifluoroacetate salt 
and 64 mg of 5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-bexanoyl-L-isoleucyl"2- 
30 pyridylmediylamide (D-4) in 1.0 mL of dichloromethane is added 65 fiL of diisopropy- 
lethylamme and 25 jiL of diethylphosphoryl cyanide and 1.25 mL of dhnediylfbrmamide is 
added. After 3 days the reaaion mixture is concentrated under reduced pressure. The 
resulting residue is flash chromatographed {4% to 15% methanol in dicWoromediane) on silica 
gel to afford 15 mg of the tided compound as a white solid. 
35 Physical characteristics of the tided product are as follows: 

^H-NMR and FAB-HRMS: C38H53N5O5 (m-f H)=660.4113. 
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HTV-l Protease (Kj, nM): > 250. 
PREPARATION 130 3-Aniinoquinuclidine (Formula E-1) Refer to Chart E. 

To as stirred suspertsion of 243 mg of sodium hydroxide in ca 1 ml of methanol is 
added 605 mg of 3-aminoquinudidine dihydrochloride. The mixture is stirred for one hour, 
5 during which time the granular solid hydroxide is replaced by a finer white precipitate. 

Following removal of excess methanol, the residue is triturated with ether, the mixture filtered 
through Ceiite, and the solvent removed under reduced pressure. The residue is purified by 
sublimation at ca 0. 1 Torr and 100*^ to yield 289 mg of the tided produa as a feathery white 
solid. 

10 PREPARATION 131 3R-Quinuclidineaminocarbonyl-5S-amino-6-cyclohexyl-3R,4R. 

dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2-pyridylmethylamide 
(Formula E-3) and 3S-QuinucIidineaminocarbonyl-5S-amino-6-cyclo- 
hexyl-3R,4R-dihydroxy-2S-isopropyl-hexanoyl-L-isoleucyl-2-pyridy- 
Imethylamide (Formula E-4) Refer to Chart E. 
15 To a stirred solution of 51 mg of p-nitrophenyl choroformate in 0.5 ml of 

dichloromethane is added a solution of 32 mg of the titled product of Prq)aration 130 in 0.5 ml 
of dichloromethane. The resulting yellow solution is stirred for one hour, then 44 of 
diisopropylethylamine is added. After another 20 minutes, this mixture, which contains some 
precipiate, is added to 41.4 mg of 5S-amino-6-cyclohexyl-3R,4R-<iihydroxy-2R-isopropyl- 
20 hexanoyl-L-isoIeucyl-2-pyridylmethyIamide (E-2). The resulting solution is stirred overnight, 
and then washed with aqueous alkali, with additional dichloromethane extracts of the aqueous 
layer. Combined organics are dried (magnesium sulfate) and then concentrated under reduced 
pressure, Chromatogr^hy of the material on silica with 5-12% methanol (saturated with 
ammonia) in dichloromethane provides 5.7 mg of isomer A, assigned formula E-3, 7,9 mg of 
25 isomer B, assigned formula E-4, and 7,4 mg of mixed fraaions (total 20.9 mg). 
Isom^ A: FAB-MS (found): 643; 
CV-1 Assay (% Inhibition): 12% at 1 /iM. 
Isomer B: FAB-MS (found): 643.4535; 
CV-I Assay (% Inhibition): 20% at 1 /iM. 
30 PREPARATION 132 Tert-butyloxycarbonyl-Ile-2-aminomethylpyridine. 

Tert-butyloxycarbonyl-De and 1.03 mL freshly opened or distilled 2-aminometh- 
ylpyridine are dissolved m 7 mL dry N,N-dimethylfonnamide (stored over 4 A molecular 
sieves) and 1.04 mL N,N-diisopropylethylamine, followed by addition of 4.87 g benzotriazol-1- 
yloxy-tris(dim^ylammo)phosphonium hexafluorophosphate. The reaaion is stoppered and 
35 stirred 3 hr-ovemight and monitored by Thin layer chromatography. Prior to workup, N,N- 
dimethylfonnamide is removed in vacuo. The resulting residue is dissolved in ethyl acetate, the 
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organic phase washed with aqueous sodium carbonate, dilute acetic acid, water, dried over 
sodium sulfate and then cqpcentrated to yield 3.28 g oily residue which solidified upon standing 
at room temperature overnight. 

Physical characteristics of the titled product are as follows: 
5 Thin layer chromatography (sUica gel Gf):Rf = 0.4 in 5% methanol/94% 

chloroform/ 1% acetic acid; 

Rf = 0.4 in 10% N,NKiimethylformamide/90% toluene 
(Visualized with ninhydrin or uv) 

IH NMR (CDCl3):8.53, 7.66, 7.26, 7.19, 5.13, 4.57, 4.06, 1.93, 1.43, 1.16, 0.90. 
10 PREPARATION 133 Tert-butyloxycarbonyl-Cha*[CH(Otert-butyIdimethylsilyl) 

CH2JVal-Ile-2-aminomethyipyridine. 
The titled product of Preparation 132 is dissolved in 5-10 ml of newly prepared 
hydrochloric acid-saturated methanol (prepared by bubbling anhydrous hydrochloric acid into 
methanol for about twenty minutes). After 20-30 minutes, this mixture is concentrated in vacuo 
15 and the residue examined by high performance liquid chromatography to determine completion 
of the deprotection reaction. 

Physical characteristics of the product, H-Ile-2-aminomethylpyridine, are as follows: 
Thin layer chromatogr^hy (silica gel GF):Rf=0.10 in 10% N,N-dimethylforma- 
mide/toluene; origin spot in 2:1 ethyl acetate:hexane and in 5% methanol/94% 
20 chloroform/1% NH4OH. 

% NMR (CDCl3):8.55, 8.19, 6.66, 7,28, 7.19, 4.58, 3.38, 2.00-2.06, 1.38-1.46, 
1.08-1.18, 0.98, 0.89. 

The above H-Ile-2-aminomethylpyridine is then dissolved in 25 ml dry N,N- 
dimethylformamide and 9.8 ml N,N-diisopropylethylamine (7.29 g). Tert-butyloxycarbonyl- 

25 Chai^[CH(0-tert-butyldimethylsiIyl)CH2]Val-0H (5.01 g) and benzotriazol-l-yloxy- 

tris(dimethylamino)phosphonium hexafluorophosphate reagent (4,56 g) are added and the 
reaction stoppered and stirred at room temperature overnight. The reaction is concentrated in 
vacuo to remove the N,N-dimethylfonnamide and the resulting residue dissolved in ethyl 
ac^te and washed with sat. sodium carbonate. The aqueous phase is re-extracted with ethyl 

30 acetate and the combined organic phases washed with saturated sodium chloride, dried over 
sodium sulfate, and concentrated in vacuo to yield 7.7 g brown gum. This material is purified 
by loadmg on a 46 x 4,6 cm silica gel flash column in ediyl acetate and eluting with 0.5 L each 
of 20%, 30%, 40%, 50%, and 60% ethyl acetate in hexane and 1.0 L each 66% and 70% ethyl 
acetate in hexane. The desired produa (5.20 g) eluted at 70% ediyl acetate. 

35 Physical characteristics of the titled product are as follows: 

Thin layer chromatography (silica gel GF):Rf=0.22 in 70% ethyl acetate/hexane. 
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' NMR-(C3DCl3):8:52, 7.63, 7.237 6709, 4.55, 4.39, 3.56-3.71,17l3. 1.66-1.87. 

1.43, 1.17-1.29, 0.90, 0.11. 

MS (FAB):689 [M f H]+, 589, 462, 236. 222, 109. 86, 57. 

IR (mineral oil mull):2956, 2920, 2869. 2854, 1715, 1496, 1463 cm'^. 

5 PREPARATION 134 Hex-Cha*fCH{OH)CH2)VaI-ne-2-aininoinethylpyridine trifluoroacetic 

acid. 

The amine resulting from the tided product of Preparation 133 is dissolved in 1 mL dry 
N,N-<limethylfonnamide and 523 (388 mg) of N,N-diisopropylethylamine. Hexanoic acid 
(69 mL) and benzotriazoI-l-yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (243 

10 mg) are added and the reaction stood overnight at room temperature (after 1 hr, the reaction 
mixture had solidified). N,N-dimethyIformamide is removed in vacuo. Extractive workup is 
identical to that performed previously in Preparation 132 and yielded 647 mg crude extract. 
One third of this amount is dissolved in 1 mL methanol and loaded on a 2 x 30 cm reverse 
phase C18 column and eluted with 10^% CH3CN/0. 1 % trifluorDacetic acid in water to yield 

15 26.4 mg product. 

Physical characteristics of the titled product are as follows: 
MS (FAB): 573 (M + H), 465. 352. 254, 236, 222, 109. 86. 
HIV-1 Protease (Ki,nM): 47. 
CV-1 Assay (% Inhibition): 67% at lO^M. 
20 PREPARATION 135 Tert-butyIoxycarbonyl-Ile-8-aminoquinoline. 

Tert-butyloxycarbonyl-Ile (528 mg) is coupled to 8-aminoquinoline (288 mg) in 2 mL 
of dry N,N-dimethylformamide and 2.1 mL of N,N-diisopropylethylamine with benzotriazol-l- 
yloxy-tris(dimethylamino)phosphonium hexafluorophosphate (972 mg) at room temperature. 
The extractive workup is as previously described in Preparation 132 and the resulting residue U 
25 loaded on a sUica gd flash column and eluted with 5% methanol/94% chIoroform/1 % acetic 
acid. One fraction contained pure product (177 mg); the rest were contaminated widi unreaaed 
8-aminoquinoline. 

Physical characteristics of the titled product are as follows: 
Thin layer chromatography (sUica gel GF): Rf=0.71 in 5% methanol/94% 
30 chlorofbnn/1 % acedc acid. 

IH NMR (CDCl3):8.77. 8.13, 7.52, 7.43. 5.45, 4.04, 1.55-1.68, 1.48, 0.93-1.06. 
IR (mineral oil mull): 2057, 2026, 2856, 1709, 1672, 1529, 1506, 1485, 1173. 
MS (EI): 284, 244, 186, 171, 144, 130, 57. 

PREPARATION 136 Tert-butyloxycarbonyl-Cha*[CH(OH)CH2]Val-Ile-8-aminoquinoline. 
35 nie tided product of Preparation 135 (168 mg) is deproteaed with hydrochloric 

acid/methanol for 30-35 min, then concentrated in vacuo and monitored by hplc. The residue 
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is taken up in 1 mL dry N,N-dimethylfonnamide and 523 fiL N,N^iisopropylethyIamine (388 
mg) and coupled to Tert-ljutyioxycarbonyl-Chai?(CH(Otert-butyldimethyIsiIyI)CH2]Val-OH 
(245 mg) with benzotriazoI-l-yloxy-tris(diniethylamino)phosphoniuin hexafluorophospfaate (243 
mg) at room temperature overnight (high performance liquid chromatography indicated reaction 
5 is complete in 3 hr). Following an extractive workup as described above, 82 mg crude product 
is obtained; no purification is done. 

Physical characteristics of the titled product are as follows: 

Thin layer chromatography (silica gel Gf): Rf=0.62 in 50% ethyl acetate/50% hexane. 
NMR (CDCl3):8,6-8.8, 8.1, 7.6-7.8, 7.3-7,6, 6,3, 4.5-4.8, 3.6-3.8, 3.2, 1.6-1.9, 
10 1.44, 1.1-1.4, 0.91-1.00, 0.07-0.21. 

MS (FAB):725 [M -h H]+, 625, 611, 481, 453, 412, 368, 171, 145, 86, 57. 
PREPARATION 137 Acetyl-Cha^[CH(OH)CH2]Val-Ile-8-aminoquinoline. 

Tert-butyloxycarbonyl-Cha^[CH(Otert-butyldimethylsilyI)CH2lVal-Ile-8-aminoquinol]ne 
(250 mg) the titled product of Preparation 136 is d^rotected widi hydrochloric acid/methanol 
15 and the resulting residue dissolved in 1 mL dry N,N-dimethyIfonnamide and 600 N,N- 
diisopropylethylamine (445 mg). N-Acetyl-imidazole (228 mg) is added and the reaction 
stoppered and stirred at room temperature for 4 hr. N,N-<limethyIfonnamide is removed in 
vacuo and the residue dissolved in ethyl acetate and washed widi water. The aqueous phase is 
extracted twice with ediyl acetate, the combined organics washed with water, and dried over 
20 sodium sulfate to give 262 mg crude extract. Half of this extract is purified on a 2 x 30 cm 
reverse phase C18 column, eiuted with 15-50% CH3CN/0.1% trifluoroacetic acid in water; 
21.2 mg titled product is isolated along with 18.1 mg (16%) of diacetylated compound. 
Physical characteristics of the titled product are as follows: 
MS (FAB): 553 (M + H), 535, 409, 296, 258, 236, 145, 86. 
25 HIV-1 Protease (Kj,nM): 61, 

CV-1 Assay (% Inhibition):41%at 10/iM. 
PREPARATION 138 Tert-butyloxycarbonyl-Val-2-arainomethylpyridine. 

Tert-butyloxycarbonyl-Val (478 mg) is coupled to 2-aminomethyl-pyridine in 1.6 mL 
dry N,N-dimethylformamide and 2 mL N,N-diisopropylethylamine with benzotriazol-l-yloxy- 
30 tris(dimethylamino)phosphonium hexafluorophosphate (942 mg) at room temperature. The 
extractive workup is as previously described in Preparation 132, and the resulting residue is 
loaded on a silica gel flash column and eiuted with 3% methanol/94% chlorofonn/1% acetic 
acid to yield pure titled product (826 mg). 

PREPARATION 139 Tert-butyloxycarbonyI-(3ia^[CH(0-tert-butyIdimethylsilyl) 
35 CH2]VaI-Val-2-aminomethylpyridine. 

The titled product of Preparation 138 (183 mg) is deprotected with 2 mL hydrochloric 
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_ _ _ acid/methanol^for-20 min at-room-temperature, then concentrated in vacuo" and"monitored~by ' 
high performance liquid chromatography. The residue is tak n up in 0.5 mL dry N-N- 
dimethylformamide, 598 plL N,N^iisopropylethylamine and coupled to Tert-butyloxycarbonyl- 
Cha^(CH(Otert-butyldimethyIsilyI)CH2JVal-OH (240 mg) with benzotriazol-l-yloxy 
5 tris(dimethylamino)phosphonium hexafluorophosphate (238 mg) at room temperature overnight. 
Following an extractive workup as described above, 431 mg crude tided product is obtained; no 
purification is done. 

PREPARATION 140 Acetyl-Cha^fCH(OH)CH2JVal-Val-2-aminomethylpyridine. 

The titled product of Preparation 139 (210 mg) is deprotected with hydrochloric 
10 acid/methanol for 200 min, concentrated in vacuo, and the resultmg residue taken up in 1 mL 
dry N,N-dimethylformamide, 871 fiL N,N-diisopropylethylamme. Acetyl-imidazole (330 mg) 
is added and the reaction stoppered and stirred at room temperature for 1.5 hr. "N,N- 
dimethylformamide is then removed in vacuo and the residue dissolved in ethyl acetate and 
washed with water. The aqueous phase is extracted twice with ethyl acetate, the combined 
15 organic layers washed with water, and dried over sodium sulfate to give 272 mg crude product. 
Half of this material is purified on s 2 x 30 cm reverse-phase CIS column, eluted with 5-30% 
CH3CN/0.1% trifluoroacetic acid in water; 22.4 mg titled product is isolated. 
Physical characteristics of the titled product are as follows: 
MS (FAB): 503 [M -h H]+ at m/z, 485, 395, 296, 254, 236, 208, 126, 109, 72. 
20 HIV-1 Protease (Kj,nM): 14. 

CV-1 Assay (% Inhibition):54% at lO/iM. 
PREPARATIONS 141-165 

Using the chemical procedures, starting materials and reactants described above, or 
methods analogous thereto, the following additional parent compounds for the compounds of 
25 the present invention, having the indicated physical characteristics are prepared: 

(141) NQf-[(2S, 4S, 5S)-5-[N-(3-Indolymethylcarbonyl)ammo]-6-cyclohexyl-4-hydroxy-2- 
isopropyH-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 3-Indolyl-CH2-C(0> 
CVA-ne-Amp. 

HR FAB MS [m + H]"^ at m/z 632.4162; 
30 CV-1 Assay (% Inhibition); 33% at 10 fiM. 

(142) Na-[(2S, 4S, 5S)-5-IN-(2-Indolycarbonyl)amino]-6-cyclohexyl-4-hydroxy-2-isopropyI-l- 
oxohexyl]-N-(2-pyridinylmethyl)-L-isoieucinamide; or 2-IndolyI-C(0)-CVA-Ile-Amp. 
HR FAB MS (m -I- H]+ at m/z 618.4021. 

CV-l Assay (% Inhibition): 85% at 10 pM. 
35 (143) Na-[(2S, 4S, 5S)-5-[N-([2-(3-Indoly)ethyl]carbonyl]amino]-6-cyclohexyl.4-hydroxy-2- 

isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 3-IndolyI-(CH2)2- 
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C(0)-CVA-ne-Amp. 

HR FAB MS [m + H]+ at m/z 646.4346. 
CV-1 Assay (% Inhibition): 63% at 10 fiM. 

(144) Na-[(2S, 4S, 5S)-5-[N-(3-PyridinyImethylcarbonyl)aniino]-6-cyclohexyJ-4-hydroxy-2- 
5 isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 3-Pyridinyl- 

CH2C{0)-CVA-Ile"Anip. 

HR FAB MS (m -h H]+ at m/z 594.4042. 

CV-1 Assay (% Inhibition): 11% at 3 mM. 

(145) Na-[(2S, 4S, 5S>-5-[N-[(S)-Acetoxyben2ylmethylcarbonyi]amino]-6-cydohexyM- 
10 hydroxy-2-isopropyl-l-oxohexyl]-N-(2-pyridinyimethyl)-L-isoleucinamide; or (S)-0- 

Acetyl-3-phenyllactyl-CVA-Ile-Amp. 

HR FAB MS [m -h H]-^ at m/z 665.4278. 

CV-1 Assay (% Inhibition): 40% at 10 ^M. 

(146) Na-[(2S, 4S, 5S)-5-[N-(4-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-hydroxy-2- 

15 isopropyl-l-oxobexyl]-N-(2-pyridinylmethyl)-L-isoieucinamide; or 4-Pyridinyl-C(0)- 

CVA-Ile-Amp. 

HR FAB MS [m + H]"^ at m/z 580.3858. 
HIV-1 Protease (Kj, nM): 6. 
CV-1 Assay (% Inhibition): 76% at 10 pM, 
20 (147) Na-[(2S, 4S, 5S)-5-IN-(4-Quinonnylcarbonyl)aminoj-6-cyclohexyl-4-hydroxy-2- 

isopropyl-1 -oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 4-QuinoHnyI-C(0)- 
CVA-De-Amp. 

HR FAB MS [m + HI+ at m/z 630.4009. 
CV-1 Assay (% Inhibition): 42% at 1 pM, 
25 (148) Na-[(2S, 4S, 5S>5-[N-(3-Quinolinylcarbonyl)aminoJ-6-cydohexyl-4-hydroxy-2- 

isopropyl-l-oxohexyl]-N-(2-^yridinyImethyI>L-isoleucinamide; or 3-C}uinolinyl-C(0)- 
CVA-Ile-Amp. 

HR FAB MS [m + H]"*" at m/z 630.4009. 
CV-1 Assay (% Inhibition): 8% at 1 /iM. 
30 (149) Na-[(2S, 4S, 5S)-5-n^-(3-PyridinylcarbonyI)araino]-6-cycIohexyl^hydroxy-2- 

isopropyH-oxohexyl]-N-(2-pyridinylmethyI)-L-isoleucinamide; or 3-Pyridinyl-C(0)- 
CVA-De-Amp. 

HR FAB MS (m + H]"^ at m/z 580.3886. 
HIV-1 Protease (K,, nM): 8. 
35 CV-1 Assay (% Inhibition): 71% at 10 ^M; 11% at 1 /iM. 

(150) Na-[(2S, 4S, 5S)-5-[N-(2-Pyn:olylcarbonyl)amino]-6-cyclohexyl-44iydroxy-2-isopropyI- 
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lK}xoliexyl]-NH?-pjTidinylmeth^^^ or 2-Fjrrrolyl-C(0)-CVA-Ile-Ainp, 

HR FAB MS [m + H]"*" at miz 568.3888. 
CV-1 Assay (% Inhibition): 79% at 10 fiM, 

(151) Na-f(2S, 4S, 5S)-5-[N-(7-L-Glutamyl)amino]-6-cyclohexyl-4-hydroxy-2-isopropyl-l- 
5 oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucmamide, trifluoroacetic acid salt; or 7- 

Giutamyl-CVA-Ile-Amp. 

HR FAB MS [m + H]*^ at mJz 604.4081. 

CV-1 Assay (% Inhibition): 14% at 10 piM, 

(152) Na-[(2S, 4S, 5S)-5-[N-(Succinoyl)aminoI-6-cyclohexyl-4-hydroxy-2-isopropyl-l- 
10 oxohexyl]-N-(2-pyridinylmethyI)-L-isoleucinamide, trifluoroacetic acid salt; or 

H02C(CH2)2-C(0)-CVA-Ile-Amp. 

HR FAB MS [m + H]"^ at m/z 575.3803. 

CV-1 Assay (% Inhibition): 1 1 % at 10 fiM, 

(153) Nof-f(2S, 4S, 5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyI-4-hydroxy-2- 
15 isopropyl-lK)xohexyl]-N-(2-(2,4-dianiino-6-pyrimidinylamino)eti^^ 

or 2-Pyridinyl-C(0)-CVA.ne-NH(CH2)2-NH.2,4-dianiino-6-pyrimidinyl. 
HR FAB MS [m + H]"^ at mix 640.4306. 
CV-1 Assay (% Inhibition): 15% at 10 /tM. 

(154) Na-[(2S, 4S, 5S)-5-[N-(Glutaryl)amino]-6H:yclohexyl^hydroxy-2--isopropyl-l- 
20 oxohexyl}-N-(2-pyridinylmethyl)-L-isoleucinamide, trifluoroacetic acid salt; or 

H02C(CH2)3-C{0)-CVA-De-Amp. 

HR FAB MS Im + H]"*" at ra/z 589.3966. 

CV-1 Assay (% Inhibition): 8% at 10 ;tM. 

(155) Hydroxyacetyl-5S-amino-6-cyclohexyl-3R, 4R-dihydroxy-2R-isopropyl-hexanoyl-L- 
25 isoleucyl-2-pyridylmethylainide; or (HO)Ac-CVD-De-Amp. 

FAB-MS (found): 549.3628; 

HIV-1 Protease (Kj, nM): 10. 

CV-1 Assay (% Inhibition): 25% at 10 fiM. 

(156) L-Glycyl-5S-amino-6-cyclohexyl-3R, 4R-<iihydroxy-2R-isopropyI-hexanoyl-L-isoIeucyl- 
30 2-pyridylmethylamide: or Gly-CVD-Ue-Amp. 

FAB-MS (found): 548.3844; 
HIV-1 Protease (Kj, nM): 182. 

(157) Hydroxyacetyl-5S-amino-2R-benzyl-6-cycIohexyl-3R, 4R-dihydroxy-hexanoyI-L- 
isoleucyI-2-pyridylmethylamide; or (HO) Ac-CPD-Ile-Amp. 

35 FAB-MS (found): 597.3671 

(158) Hydroxyac^l-5S-amino-2R-benzyi-6-cyclohexyl-3R, 4R-dihydroxy-hexanoyl-L- 
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isoleucyI-2-pyridyImethylanude NK)xide; or (HO) Ac-CPD-Ile-Amp-NO. 
FAB-MS (found): 613.3619; 
HIV-1 Protease (Kj, nM): 250. 

(159) L-Glycyl-5S-amino-2R-benzyl-6-cyclohexyI-3R, 4R-dihydroxy-hexanoyI-L-isoleucyI-2- 
5 pyridylmethylamide; or Gly-CPD-Le-Amp. 

FAB-MS (found): 596.3835; 
HIV-1 Protease (Kj, nM): >250. 

(160) l-Adamantanecarbonyl-5S-amino-6-cyclohexyl-3R, 4R-<iihydroxy-2R-isopropyl- 
hexanoyl-L-isoleucyl-2-pyridylniethylamide; or l-Adamantanecarbonyl-CVD-Ile-Amp. 

10 FAB-MS (found): 653.4666; 

HIV-1 Protease (Kj, nM): >400; 

CV-1 Assay (% Inhibition): 55% at 10 fiM, 

(161 ) CyclohexanecarbonyI-5S-amino-6-cyclohexy!-3R, 4R-dihydroxy-2R-isopropyl-hexanoyl- 
L-isoleucyl-2-pyridylmethylamide; or Cyclohexanecarbonyl-CVD-IIe-Amp. 

15 FAB-MS (found): 601.4331; 

HIV-1 Protease (Kj, nM): 22; 

CV-1 Assay (% Inhibition): 80% at 10 /xM. 

(162) 5^JuinoIinymydroxyacetyI-5S-amino-6TcyclohexyMS-hydroxy-2S-isopn)pyI-he^ 
isoleucyl-2-pyiidyimethylaiiiide; or 5-Quinolinylbydroxyacetyl-CVA-Ile-Amp. 

20 FAB-MS (found): 660.4132; 

CV-1 Assay (% Inhibition): 57% at 10 ^iM. 

(163) Ac-CVA-De-O-benzyl; or AcetyI-5S-amino-6-cyciohexyl-2S-cyclohexylmethyl-4S- 
hydroxy-2S-isopropyl-hexanoyl-L-isoleucyl-0-benzyIester. 

FAB-MS (m + HI+ (found): 51.; 
25 HIV-1 Protease (Kj, nM): 121.5. 

CV Assay (% Inhibition): 9% at lO^M. 

(164) Ac-CVA-Ee-NH2; or Acetyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyI-hexanoyl- 
L-isoieucyiamide. 

FAB-MS [m + H]**" (found): 426. 
30 HIV-1 Protease (Kj, nM): 109; 

CV-1 Assay (% Inhibition): 8% at 10 /iM. 

(165) Ac-CVA-Ile-aminomethyl-benziinidazole. 
HIV-1 Protease (Kj, nM): 8; 

CV-1 Assay (% Inhibition): 70% at 1 ^M. 
35 All of the parent compounds prepared in the Prq)arations above and below may be 

converted to the phosphate prodrug compounds of the present invention by following the 
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procaSires in toe Examples or methods analogous thereto. 

EXAMPLE 8 N-f(2S,4S,5S)-5-[N-{2-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-(0- 

phosphoryl>2-isopropyM-oxohexyI]-N-[(lS,2R)-2-hydroxy-l-indanyl]amine, 
trifluoroacetic acid salt; or 2Py CO CVP Ahi (Formula F-7) Refer to Chart P. 
5 A. By the genCTal procedure A for Boc group removal (1. CF3CO2H, 2. 

NaHCOj), 0.3695 g of the Boc amine F-1 yields 0.329 g of the amine free base. The amine is 
dien coupled (coupling procedure B) with picolinic acid (DEPC, EtjN) and chromatographed 
over sUica gel (1.29SMeOH:0.12%NH4OH:CH2Cl2) to yield .371 g of coupled produrt F-2. 
Physical characteristics are as follows: 
10 The structure was supported by NMR and FAB mass spectra. Found: [M+H]"*" at m/t 

664. 

B. By the general procedure F for silyl ether cleavage, 0.3713 g of the silyl ether 
F-2 is allowed to react (1. CFjCOjH, 2. NaHCOj) and then chromatographed over sUica gel 
(2%MeOH:CH2Cl2) to yield first 0.2208 g of product F-3 as a mixnire followed by 0.0451 g 

15 of pure crystalline product, m.p. 207-209''C. TTie mixture is rechromatographed over sDica gel 
(l%MeOH:CH2Cl2 then 2%MeOH:CH2Cl2) to yield an additional 0.1528 g of crystalline F-3, 
N-[(2S ,4S ,5S)-5-[N-(2-Pyridinylcarbonyl)amlno]-€-cyclohexyl-4-hydroxy-2-isopropyl- 1 - 
oxohexyI]-N-[(lS,2R}-2-acetoxy-l-indanyl]amine; or 2Py CO CVA Aai. 
Physical characteristics are as follows: 
20 M.p. 211-212 "C. 

The structure was supported by a NMR and a high resolution FAB mass spectrum. 
HR FAB MS [M+H]-*- m/z 550.3297. 
HIV-1 Protease (Kj, nM): 220. 

C. To a N2-covered partial solution of 0.0451 g of F-3 in 3.3 mL of MeOH is 
25 added 6.6 mL of 5.4M NHj/MeOH. Within 15 min everything dissolves and the solution is 

stirred at room tenq)erature for 25 hrs and then concentrated in vacuo. The residue is 
chromatographed over sUica gel (2.5%MeOH:0.25%NH4OH:CH2Cl2) to yield 0.0329 g of 
crystalline F-4, N-[(2S,4S,5S)-5-[N.(2-Pyridinylcarbony!)amino]-6-cyclohexyl-4-hydroxy-2- 
isopropyl-l-oxohexyl]-N-{(IS,2R)-2-hydroxy-l-indanyl]amine; or 2Py CO CVA Ahi. 
30 Physical characteristics are as follows: 

M.p. m-ige'c. 

The structure was supported by a high resolution FAB mass spectrum. 
HR FAB MS [M+H]+ m/z 508.3164. 
HTV-l Protease (Kj, nM): 12. 
35 D. To a Nj-covered solution of 0.080 g of F-3 in 7.0 mL of THF is added 0. 12 g 

of IHHetrazole followed by 0.1975 g of diallyl-N,N-diethyl phosphoramidite (rinsed with a 
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little THF). After stirring the mixture at room temperature for 2L5hrs, there is added an 
additional 0.1906 g of the^hosphoramidite. After stirring for an additional S hrs the reaction 
mixture is cooled in an ice bath and there is added over 2^ min a solution of 0.36 g of 85% 
wi-chloroperoxybenzoic acid in 6.7 mL of CH2CI2- After stirrmg in the cold for 10 min there 
5 is added quickly 14.5 mL of 10% aqueous sodium sulfite. The mixture is diluted with 50 mL 
of CH2CI2 and the aqueous layer is separated and washed twice with CH2CI2. The organic 
layers are combined, dried over MgS04 and concentrated in vacuo. The residue is 
chromatographed over silica gel {l%MeOH:0,l%NH40H:CH2a2 
1.5%MeOH:0.15%NH4OH:CH2Cl2) to yield first 0.0690 g of product F-5 followed by 
10 0.0375 g of material that contains product F-5 as a part of a mixture (TLC and NMR). 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"^ at m/z 
710. 

E. To a N2-covered solution of 0.0690 g of the diailylphosphonate ester F-5 in 1.6 
15 mL of THF is added 6.4 mg of triphenylphosphine, 17.0 mg of tetrakis(triphenylphosphine) 

palladium (O) and then a solution of 0.018 mL of formic acid and 0.048 mL of n-butylamine in 
1.6 mL of THF (added over 30 sec). After stirring at room temperature for 30 min there is 
added 24.3 mL of O.OIN KOH. Hie mixture is concentrated in vacuo to remove the THF. 
The aqueous residue is extraaed twice with EtOAc:Et20 (emulsion). Tlie aqueous layer that 
20 eventually separates is lyophilized and submitted to prqjarative HPLC according to procedure E 
to yield 0.0318 g of product F-6. 

Physical characteristics are as follows: 

The structure was supported by a FAB mass spectrum. Found: [M-f H]"*" at m/z 630. 

F. To a solution of 0.0318 g of the acetate F-6 in MeOH (2 mL) is added 4 mL of 
25 5.4M NH3/MeOH. There is also added 4.4 mL of 5,4MNH3/MeOH at intervals of 3 days and 

6 days. After a total of 7 days stirring the reaction mixture is concentrated in vacuo. The 
residue is submitted to preparative HPLC according to procedure E to yield 0.(J234 g of the 
titled product F-7. 

Physical characteristics are as follows: 
30 The structure was supported by a high resolution FAB mass spectrum. 

HR FAB MS [M+H]"^ mJz 588.2849. 
HTV-1 Protease (Kj, nM): 350. 
PREPARATION 166 N-[(2S,4S^S)-5-[N-[(2-Pyridinyl)methoxycarbonyI]amino]-6- 

cyclohexyl-4-hydroxy-2-isopropyl-l-oxohexylJ-N-[(lS,2R)-2-hydroxy-l- 
35 indanyljamine; or 2Poc CVA Ahi (Formula G-7) Refer to Chart G. 

A. By the coupling procedure C, 0300 g of G-1 is allowed to reaa with IS- 
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ainino-2R^ydfbxyin(iane (DEPCrEt3N) and then cluomatographed over silica gel 
(1.25%MeOH:CH2Cl2) to yield 0.399 g of coupled produa G-2. 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: rM+H]+ at m/z 
5 617. 

B. To a N2-covered ice bath cooled solution of 0,3991 g of die alcohol G-2 m 7.3 
mL of pyridine is added 0.011 g of 4-diinediylaniinopyridine followed by 0.58 mL of acetic 
anhydride (added over 45 sec). The solution is allowed to warm to room temperature and after 
stirring for 22 hrs is cooled again in an ice bath and treated over 1.25 min with 0.52 mL of 

10 MeOH. After stirring for 25 min in the cold, die reaction is pipetted into 40 mL of cold 1 : 1 
H20:brine and extracted 3x with EtOAc. The combmed extracts are washed 2x widi 20 mL 
cold 0.5N HCl, Ix with H2O, Ix witfi aqueous NaHCOg and Ix with brine. Each aqueous 
wash is backwashed with EtOAc. The combmed organic fractions are dried over MgS04 and 
concentrated in vacuo. The residue is placed under house vacuum for 18 hr and then 

15 chromatographed over silica gel (15%EtOAc:hexane) to yield 0.377 g of product G-3. 
Physical characteristics are as follows: 

The strucmre was supported by NMR and FAB mass spectra. Found [M+H]+ at mJz 
659. 

C. By the general procedure A for Boc group removal (1. CF3CO2H, 2. 
20 NaHCOj), 0.4341 g of the Boc amine G-3 yields 0.386 g of the amine free base. To a N2- 
covered solution of the amine in 4.8 mL of THF is added 0.17 mL of diisopropylethylamine. 
The mixture is cooled in an ice-MeOH badi and diere is added over 3 min a solution of 0. 14 g 
of 4-nitrophenylchlorofbniiate in 9.6 mL of THF. After stirring in the cold for 21 hrs the 
mixture is concentrated in vacuo. The residue is chromatographed over silica gel 
25 (0.5% MeOH:CH2Cl2) to yield 0.2889 g of the carbamate G-4. 
Ph3rsical characteristics are as follows: 

Tlie structure was supported by NMR and FAB mass spectra. Found [M+H]"*" at m/z 
724. 

D. To a N2-covered solution of 0.2889 g of the urethane G-4 in 6.4 mL of dioxane 
30 is added 0.061 mL of triethylamine followed by 0.077 mL of 2-pyridyIcarbinol. TTie mixture 
is heated in an oU bath at PS-IOO'C for 20 hrs and then concentrated in vacuo. The residue is 
chromatographed over silica gel (0.5%MeOH:CH2Cl2 followed by 2.5%MeOH:CH2Cl2) to 
yield first 0.10 g of a mixture (A) of starting urethane and p-nitrophenol (NMR) followed by 
0. 138 g of product G-5. In an effort to obtain additional product, a solution of mixture A in 
35 2.2,niL of dioxane is treated with 0.021 mL of triethylamine and 0.027 mL of 2- 

pyridylcarbinol and heated at lOO'C in an oil bath for 24hrs. After cooling the reaction 
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mixture is concentrated in vacuo and the residue is chromatogr^hed over silica gel 
(0.5%MeOH:CH2a2, then 0.75 %MeOH:CH2Cl2, then 2%MeOH:CH2a2) to yield 0.0382 g 
of additional product G-5. 

Physical characteristics are as follows: 
5 The structure was supported by NMR and FAB mass spectra. Found: fM+HJ"^ at m/z 

694. 

E. By procedure F for silyl ether cleavage, 0.1762 g of the silyl ether G-5 is 
allowed to react (1. CF3CO2H, 2. NaHC03) and then chromatographed over silica gel 
(3%MeOH:0.3%NH4OH: CH2CI2) to yield 0.0931 g of product G-6. 

10 Physical characteristics are as follows: 

The structure was supported by a FAB mass spectrum. Found: [M+H]"^ at m/z 580. 

F. To a solution of 0.030 g of the acetate G-6 m 2.0 raL of MeOH is added 4.0 
mL of 5.4M NH3 in MeOH. After stirring for 18 hrs at room ten^erature, an additional 4 mL 
of 5.4M NH3 in MeOH is added. After stirring for an additional 23 hrs, the reaaion mixture 

15 is concentrated in vacuo. The residue is chromatographed over silica gel 
(3%MeOH:0.3%NH4OH:CH2Cl2) to yield 0,0197 g of product G-7. 
Physical charaaeristics are as follows: 

The structure was supported by a high resolution FAB mass spectrum. 
HR FAB MS [M+H]+ m/z 538.3293. 
20 HIV-1 Protease (Kj, nM): 40.5. 

PREPARATION 167 Na-I(2S,4S,5S^5-[N-(2-Pyridinylca^bonyl)aminoJ-6-cyclohexyl-4- 

hydroxy-2-isopropyl-l-oxohexyl]-N-{4-[(3-anuno--2-pyridinyl)amino]-2- 
butenyl]-L-isoleucinaniide; or 2Py CO CVA De Apb (Formula H-9) 
Refer to Oiart H. 

25 A. To a solution of 5.0 g of trans l,4-dibromo-2-butene H-1 in 30 mL of toluene 

is added 10.39 g of potassium phthalimide followed by 0,62 g of 18-crown-6. After heating in 
an oil bath at 100*^0 for 8 hrs the mixture is allowed to cool and stir at room temperature for 3 
days. There is then added 5 mL of H2O and after stirring at room temperature for 1 hr a 
siispended solid is colleaed on a filter, washed widi H2O and dried under vacuum to yield 

30 8.40 g of product H-2, m.p. 219-227"C. This crude product is used as is in the next step. 
Physical characteristics are as follows: 

The structure was supported by EI mass spec. Found M"*" at m/z 346, and IR. Anal. 
Found: C, 68..67; H, 4.05; N, 7.89. 

B, 8.40 g of the crude product H-2 from the previous reaction is suspended under 
35 N2 in 150 mL of absolute EtOH with mechanical stirring. There is then added 2.35 mL of 
hydrazine hydrate and the well stirred mixture is heated in an oil bath at 70°C for 4 hr. The 
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oil bath is'fien removed and after stirring at room temperature for 1 hr the stirrer is turned off 
and th mixture is allowed to stand for 18 hr. A suspended solid is colleaed on a filter and 
washed twice with absolute EtOH. The combined filtrates are concentrated in vacuo and 
treated with -400 mL of warm (steam bath) HjO. Some undissolved solid is removed by 
5 filtration and washed with a small amount of HjO. The combined filtrates are cooled in an ice 
bath and acidified with 8 mL of 6N HCl. A heavy precipitate is collected on a filter and 
washed with a small amount of HjO. The combined filtrates are lyophilized to yield 3.04 g of 
product H-3 as the HCl salt. 

Physical characteristics are as follows: 
10 M.p. >300*'C. 

The structure was supported by NMR and FAB mass spectra. Found: [M-i-H]+ at m/z 
87. 

C. To a partial solution of 0.200 g of the amine salt H-3 in 9 mL of H2O is added 
0.126 g of potassium bicarbonate. To the resulting solution is added over 2.5 min, a solution 
15 of 0.30 g of di-/-butyldicarbonate in 8 mL of dioxane. After stirring at room temperature for 
25 hrs and then at lOO'C in an oil bath for 6 hrs. The solution is allowed to cool and stir for 
18 hr at room temperature. The solution is then concentrated in vacuo and the residue placed 
under vacuum. The residue is dissolved in CHzCljrMeOH (2: 1) treated with 0.2 mL of Et^N 
adsorbed onto silica gel and chromatographed over a 50 mL silica gel column (elution with 9% 
20 MeOH:0,5% NH40H:CH2Cl2) to yield 0. 1040 g of product H^. 

Physical characteristics are as follows: 

M.p. 153.5-157»C (dec). 

The structure was supported by NMR and FAB mass spectra. Found: [M-»-H]+ at m/z 
187. 

2^ °- To a N2-covered suspension of 0.050 g of die mono Boc-diamine H-4 m 2 mL 

of THF is added 0.088 mL of triethylamine followed by 0.067 g of 2-chloro-3-nitropyridine. 
Afker heatmg m an oU bath at 75'C for 16.5 hr the mixture is allowed to cool and concentrated 
in vacuo. The residue is chromatographed over a 50 mL silica gel column to yield .0662 g of 
product H-5. 

30 Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: fM+H]+ at m/z 
309. 

E. By the general procedure A for Boc group removal (I. CF3CO2H, 2. 
NaHCOj), 0.058 g of the Boc amine H-5 yields 0.0361 g of the amine ft-ee base. The amine is 
then coupled (coupling procedure C) with Boc(OTBDMS)CVAIleOH (using DEPC, EtjN) and 
chromatographed over silica gel (1.8% MeOH:0.18% NH40H:CH2Cl2) to yield 0.1137 g of 



35 
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coupled product H-6. 

Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"*" at mit 
789. 

5 F. By the general procedure A for Boc group removal (1. CF3CO2H, 2. 

NaHC03), 0.1137 g of the Boc amine H-6 yields 0.1261 g of crude amine free base. The 
amine is then coupled (coupling procedure B) with picolinic acid (using DEPC, EtjN) and 
chromatographed over silica gel (1,8% MeOH: 0.18% NH40H:CH2Cl2) to yield 0.0802 g of 
coupled product H-7. 
10 Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"^ at miz 
794. 

G. To a N2-covered solution of 0.0614 g of the nitro pqptide H-7 in 1 mL of 
absolute EtOH is added 0.087 g of stannous chloride dihydrate. After heating in an oil bath at 

15 70*'C for 35 min the reaction mixture is allowed to cool and is pipetted into 10 mL of ice. The 
mixture is neutralized with solid NaHC03 and extracted 4x with 20-30 mL portions of CH2CI2. 
The combined extracts are dried over MgS04 and concentrated in vacuo to yield residue A. 
The aqueous fraction is diluted with 10 mL of H2O and lyophilized. The lyophilizate is washed 
5x with portions of CH2CI2 and the combined washes are concentrated in vacuo to yield 

20 residue B. Residues A and B are combined and chromatographed over silica gel (3% MeOH: 
0.3% NH40H:CH2a2) to yield 0.0370 g of the amine H-8. 
Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]"^ at m/z 
764. 

25 H. By procedure F for silyi ether cleavage, 0.0370 g of the silyl edier H-8 is 

allowed to react (1. CF3CO2H, 2. NaHC03) and then chromatogr2q)hed over silica gel (4% 
MeOH:0.4% NH40H:CH2Cl2) to yield 0,0199 g of the tiUed product 
Physical characteristics are as follows: 

Tie structure was supported by a high resohition FAB mass spectrum. 
30 HR FAB MS [M+H]"^ m/z 650.4411. 

fflV-l Protease (Kj, nM): 67. 
EXAMPLE 9 Nff-((2S,4S,5S)-5-[N-[(3-Pyridinyl)methoxycarbonyllamino]-6-<yclohexyl^ 
phosphoryI)-2-isopropyl-l -oxohexyl]-N-(2-benzimidazolyimethyl)-L- 
isoleucinamide, trifluoroacetic acid salt; or 3Poc CVP De Amb (Formula 1-9) 
35 Refer to Chart 1. 

A. To a N2 covered suspension of 1.0 g of 2(aminomethyl)benzimidazole I-l in 
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~ — 225 mL of eH2Cl2~is added 1:250 f of Bbc isoleucihe followed by"2.37 mL of triethylainine. 
Within 5 min everything went into solution and there is added 0.97 mL of diethyl 
cyanophosphonate. After sirring at room temperature for 20.5 hr the reaction mixture is 
washed with aqueous NaHC03, dried over MgS04 and concentrated in vacuo. The residue is 
5 chromatographed over silica gel (3% MeOH:0.3« NH40H:CH2Cl2) to yield 1.50 g of 
crystalline product 1-2. 

Physical characteristics are as follows: 
M.p. 213.5-214.5**C. 

The structure was supported by NMR and FAB mass spectra. Found [M+H]**" at m/z 
10 361. 

B. To a N2 covered ice bath cooled partial solution of 0.464 g of the Boc amine I- 
2 in 3.1 mL of CH2CI2 is added dropwise over 4 min 3.1 mL of trifluoroacetic acid. The ice 
bath is removed and after stirring at room temperature for 1 hr 7 min, the reaaion mixture is 
added dropwise over 1.75 min to a well stirred mixture of 3.5 g NaHC03, ^ %0 + 

15 50 mL CH2CI2 The aqueous layer is washed twice with CH2a2 combmed organic 

ft-actions are dried over MgS04 and concentrated in vacuo to yield 0.1658 g of crude amine 
free base A. The aqueous fraction is lyophilized and the lyophilizate is washed several times 
with CH2CI2 to yield 0.1411 g of additional amine free base. This latter material is combmed 
with amine A and coupled (coupling procedure Q with Boc(OTBDMS)CVA (using DEPC, 

20 EtjN) and chromatographed over silica gel (3% MeOH:0.3% NH40H:CH2Cl2) to yield 
0.6402 g of coupled produa 1-3. 

I%ysical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: [M+H]'^ at m/z 
728. 

25 C. By the general procedure A for Boc group removal (1. CF3CO2H, 2. 

NaHC03), 0.200 g of the Boc amine 1-3 yields 0.176 g of crude amine free base. To a 
solution of 0.114 g of the mixed carbonate salt M prepared as described in Preparation 168, in 
L3 mL of CH3CN is added 0.12 mL of diisopropyl-ethylamine. After stirring at room 
tenq)erature for 10 min there is added a solution of the amine free base in 1.3 mL of CHCI3 
30 and after heating in an oil bath at 80 **C for 16 hr the reaction is allowed to cool and 

concentrated in vacuo. The residue is chromatographed over silica gel (1.5% MeOH:0.15% 
NH40H:CH2Cl2 followed by 0.3% MeOH; 0.3% NfH40H:CH2Cl2) to yield 0.128 g of the 
carbamate 1-5. 

Physical characteristics are as follows: 
35 The structure was supported by NMR and FAB mass spectra. Found: [M+H]^ at m/z 

763. 
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D. By procedure F for silyl ether cleavage, 0.1278 g of the silyl ether 1-5 is 
allowed to react (1. CF3COJ2H, 2. NaHC03) and then chromatographed over silica gel 
(4%MeOH:0.4%NH4OH:CH2Cl2 followed by 5%MeOH:0.5%NH4OH:CH2Cl2) to yield 
0.0924 g of the product 1-6, Na-[(2S,4S,5S)-5-[N-f(3-Pyridinyl)methoxycarbonyl]amino]-6- 
5 cyclohexyl-4-hydroxy-2-isopropyl- 1 -oxohexyl]-N-(2-benziniidazolylmethyl)-L-isoleucinamide; or 
3Poc CVA lie Amb. 

Physical characteristics are as follows: 

The structure was supported a FAB mass spectrum. Found: [M+H]*^ at miz 649. 
HIV-1 Protease (K^, nM): 10. 

10 E. To a solution of 0.0924 g of the product 1-6 in 5.0 mL of THF is added 0.12 g 

of IH-tetrazole followed by a solution of 0.188 g of diaIlyl-N,N-<iiethyiphosphoramiditeI-7, 
prepared as described in Preparation 169, in 2.0 mL of THF. After stirrmg at room 
temperature for 2 days an additional 0.100 g of the phosphoramidhe is added and after 5.5 hrs 
0.187 g more phosphoramidite is added. Then after an additional 19 hr of stirring, the reaction 

15 mixture is cooled in an ice bath and there is added dropwise over 2.75 min a solution of 0.45 g 
of 85% m-chloroperoxybenzoic acid m 8.3 mL of CH2CI2. After stirring in the cold for 10 
min there is added quickly 18 mL of 10% aqueous sodium sulfite. The mixture is diluted with 
50 mL of CH2CI2. The aqueous fraction is extraaed twice with CH2CI2 and the combined 
organic fractions are dried over MgS04 concentrated in vacuo. The residue is 

20 chromatographed over silica gel (4%MeOH:0.4%NH4OH:CH2a2) y^^^ 0.0505 g of 
product 1-8. 

Physical characteristics are as follows: 

The structure was supported by NMR and FAB mass spectra. Found: fM+H]'*' at m/z 
809. 

25 F. To a N2-covered solution of 0.0505 g the phosphonate diester 1-8 in 1.0 mL of 

THF is added 4.1 mg of triphenylphosphine and 11 mg of tetrakis (triphenylphosphine) 
palladium (O). There is then added dropwise over 1 mm a solution of 0.012 mL of formic acid 
and 0.031 mL of n-butyiamine in 1.0 mL of THF. After stirrmg at room temperature for 1 hr 
there is added 15.6 mL of 0.0 IN KOH and the mixture is concentrated in vacuo to remove the 

30 THF. A gummy precipitate present in the aqueous residue solidifies sufficiendy when cooled 
in an ice bath to be collected on a filter. This filtered amorphous material is dissolved in 
MeOH and concentrated in vacuo. The residue is washed once with 1 mL of EtOAc and the 
material remaining is submitted to preparative HPLC according to procedure E to yield 23.7 
mg of the tided product 1-9. 

35 Physical characteristics are as follows: 

The structure was supported by a high resolution FAB mass spectrum. 
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HR FAB MS"[M+H] + ni/z 729:3746. 

HIV-1 Protease (Kj, nM): 350. 
PREPARATION 168 S-P^^idinylmethyl />-nitrophenyl carbonate, p-nitrophenol salt. 

A N2-covered solution of 0.81 mL of 3-pyridylcarbinol in 10 mL of benzene Is heated 
5 in an oil bath at reflux under a Dean Stark trzp for 2 hrs. After cooling tlie solution is 

concentrated in vacuo. To a N2-covered solution of tlie residue in 15 mL of CH2CI2 is added 
2.79 g of bis(^nitrophenyl)carbonate. After stirring for 17.75 hrs the mixture is concentrated 
in vacuo. The residue is treated with 30 mL of Et20 and an undissolved solid is removed by 
filtration. The filtrate yields two crops, 2.073 g (m.p. 91.5-95*C) and 0.1259 g (m.p. 90.5- 
10 96°C) of the titled product. 

Physical charaaeristics are as follows: 
The analytical sample melted at 97.5-98 ''C. 

The strucnire was supported by NMR, inft-ared and FAB mass spectra. Found 
[M-hH]"*" atmyfe 275. Anal. Found: C, 54.97; H, 3.56; N, 10.06. 
15 PREPARATION 169 Diallyl N,N-<iiethyiphosphoramidite (Formula J-3) Refer to Chart J. 

A. To a N2-covered solution of 7.47 mL of phosphorous trichloride J-1 in 50 mL 
of Et20, cooled to -30 to -50**C with intermittent use of a dry ice:Me2C0 bath, is added over 
35 min, 17.7 mL of neat diethylamine (caution-vigorous reaction). The reaction is then 
allowed to warm to room temperature and after 2 hr 10 min stirring, there is added an 

20 additional 50 mL of Et20. A precipitate is collected on a filter under N2 and washed well with 
Et20. The combined filtrates are concentrated in vacuo and the residue is distilled at 8.5 mm 
to yield 11.18 g of product J-2. 

Physical characteristics are as follows: 

B. p. 69''C. 

25 The structure was supported by a NMR spectrum. 

B. The dichloride J-2 is dissolved in 50 mL of Et20 and cooled to -30 to -40**C 
with intermittent use of a dry ice:Me2C0 bath. There is then added a solution of 8.75 mL of 
allyl alcohol and 19.7 mL of triethylamine in 50 mL of Et20 dropwise over 22 min. The 
reaction is then allowed to warm to room temperature and after stirring for 3 hrs there is added 
30 25 mL of 5% aqueous NaHC03. layer is separated and washed 2x with 20 mL 

portions of 5% aqueous NaHC03 and Ix with brine. The organic layer is concentrated in 
vacuo and the residue is distilled at 0,45 nmi to yield 11,73 g of diallyl-N,N- 
diethylphosphoramidite. 

Physical characteristics are as follows: 
35 B.p. 53-56**C. 

The structure was supported by and 3 IP NMR spectra. 
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EXAMPLE 10 1 -naphtboxyacetyI-(>phosphoryl-L-threonyl-5S-amm<)-6-cycIohexyl-4S-hydroxy- 
2S-isopropyI-hexanoyl-L-isoleucyl-2-aminotnethylpyridine, dipotassium salt; or 

Noa-0-P03K2-Thr-CVA-Ile-Amp (Formula K-6) Refer to Chart K. 

A. Noa-Thr-CVA(OTBS)-ne-Amp (Formula K-3) 

5 To a stirring solution of 200 mg of Noa-Thr-OH (K-1) and 415 mg of H- 

CVA(OTBS>Ile-Anip (K-2) in 3 mL of dichloromethane is added 310 mg of benzotriazoI-1- 
yloxy-tris(dimethylamiDo)phosphonium hexafluorophosphate followed by 130 fiL of 
diisopropyletfayiamine. After 3 days, the reaction mixture is concentrated under reduced 
pressure to afford a viscious oil. The oil is flash column chromatographed on silica gel using 
10 2% to 6% methanol in dichloromethane to afford the crude product also as an oil. The oil is 
dissolved in a large volume of diethyl ether, washed with water (3x), brine, dried (MgS04), 
and finally concentrated under reduced pressure to afford 370 mg of Noa-Thr-CVA(OTBS)-Ile- 
Amp (K-3). 

B. Noa-Thr(OP(0)(OCH2CH=CH2)2)-CVA(OTBS)-Ile-Amp (Formula K^) 

15 To a flame-dried flask under an argon atomsphere is added 262 mg of Noa-Thr- 

CVA(OTBS)-Ile-Amp {K-3) and 105 mg of tetrazole. The solids are charged with L5 mL of 
dry tetrahydrofuran. The resultmg solution is treated with 350 /iL of diallyl N,N- 
diethylpbosphoramidite. After 0.5 hour, the reaction is treated with an additional 100 pi. of 
phosphoramidite reagent. After 0,75 hour total, the reaction mixture is cooled to -35 and 
20 treated vnth 470 mg of - 85% m-chloroperoxybenzoic acid as a solution in 4.5 mL of 

dichloromethane. After 15 minutes, the reaction is warmed to room temperature and diluted 
with 70 mL of diethyl ether. The mixture is washed with 10% aqueous sodium metabisulfate 
xl5 mL), followed by 5% aqueous sodium bicarbonate (2 x 15 mL), 5% aqueous citric acid 
(2 X 15 mL), and finally brme. Hie organic phase is dried (MgS04) and then concentrated 
25 under reduced pressure. The residue is flash column chromatographed on silica gel using 1 % 
to 6% methanol in dichloromethane to afford 273 mg of Noa-Thr(OP(0)(OCH2CH=CH2)2^ 
CVA(OTBS)-De-Amp (K-4). 

C. Noa-Thr(OP(0)(OCH2CH=CH2)2)-CVA.Ile-Amp (Formula K-5) 

To a stirring solution of 273 mg of Noa-Thr(OP(0)(OCH2CH= 012)2)- 
30 CVA(OTBS)-ne-Amp (K-4) in 0.5 mL of dichloromethane is added 05 mL of trifluoroacetic 
acid. After 50 minutes, the reaction is diluted with additional didiloromethane and slowly 
added to excess aqueous sodium bicarbonate. After 0.33 hours, the phases are separated and 
the aqueous layer is extracted with additional portions of dichloromethane (4x). The combined 
organic extractions are dried (MgS04) and concentrated under reduced pressure. The residue is 
35 flash chromatographed on silica gel using 2% to 6% metiianol in dichlorom^ane to afford 21 1 
mg of Noa-Thr(OP(0)(OCH2CH=CH2)2)-CVA-Ile-Amp (K-5) as a white solid. 
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" D. - "Noa-Thr(OP(0)^^^^ 

To a flame-dried flask under an argon atomsphere containing a stirring solution 
of 211 mg of Noa-Thr(OP(9)(OCH2CH=CH2)2)-CVA-Ile-Amp (K-5), 27 mg of tetrakis 
(triphenylphosphine)palladium(0) and 30 mg of triphenylphosphine in 7.5 mL of dry 
5 tetrahydrofiiran, is added 43 /iL of formic acid and 116 /iL of n-butylamine as a solution in 0.5 
mL of dry tetrahydrofiiran. The clear tan solution slowly grows cloudy. After 1 hour, the 
reaction is treated with additional amounts of reagents: 20 mg of palladium catalyst, 25 mg 
triphenylphosphine, and 35 /iL of formic acid along with 90 /iL of butylamine in 0.5 mL of 
tetrahydrofiiran. After an additional hour, the reaction is diluted with diethyl ether and 
10 partioned against 50 mL of 0.01 N aqueous potassium hydroxide. The aqueous layer is 

extracted with ethyl acetate and diethyl ether. The combined organic layers are back-extracted 
with dilute aqueous potassium hydroxide. The combined aqueous layers are filtered and 
lyophilized. The lyophile is dissolved in dilute aqueous potassium carbonate, extraaed with n- 
butanol (4x), and the butanol extractions are concentrated under reduced pressure. The residue 
15 is dissolved in water and lyophUized. The lyophile is divided into lots, dissolved in a small 
amount of water, and processed through Sep-Pak C^g cartridges eluting with 0% to 50% 
acetonitrile in water. The produa fractions are concentrated and lyophilized to afford 114 mg 
of Noa-Thr(OP(0){OK)2)-CVA-Ile-Amp {K-6). 
Physical characteristics are as follows: 
20 FAB-MS: (m+H) = 916.3449. 

fflV^l Protease (Kj, nM): 73. 
EXAMPLE 11 3-(0-phosphoryl-4-OH-phenyl)-butyryI-L-histidyl-5S-amino-6-cyclohexyMS- 
hydroxy-2S-isopropyl-hexanoyl-L-isoleucyl-2-aminomethylpyridine; or Dat(0- 
P03H2>His-CVA-Ile-Amp, 

25 des-NH2-0-phospho-L-tyrosine is prepared by reaction of 3-(p-hydroxyphenyl)-butyric 

acid with 4 equivalents of P2O5 in H3PO4 at 80 degrees for 24 hours (Paul F. Alewood, R.B. 
Johns and Robert M. Valerio, Synthesis, 30, 1983). The desired produa is purified by reverse 
phase C18 chromatography and characterized by NMR and FAB/MS. The phosphorylated 
tyrosine analog is coupled to the N-termlnus of the pq)tide using benzotriazole-l-yl-oxy-tris- 

30 (dnn^ylamino>phosphoniumhexa-fluorophosphate (BOP reagent) for carboxylate activation. 
The phosphorylated peptide is purified by reverse phase chormatography and characterized by 
FAB/MS. 

Physical characteristics are as follows: 
FAB-MS: (M+H) = 839.9006. 

35 HIV-1 Protease (Kj, nM): 8.1. 

PREPARATION 170 ((5-(3,6,9, 12, 15-pentaoxa-hexadec-l.yl)oxy)naphthalen-lyl)oxyacetyl-L- 
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valinyl-55-amino-6-cyclohexyl-3/?,4/?-dihydroxy-2/fisopropyi-hexanoyl- 
L-isoleucinyl-2-aininomethylpyridine; or S-PentaegNoa-Val-CVD-He- 

Amp (Fonnula L-6) Refer to Chart L. 

A. A solution of 40 mg of Boc-Val-OH (L-1) (Peptides International) and 53 mg of 
5 H-CVD-IIe-2-Amp (L-2) all in 2 ml of dimethylformamide is treated with 90 fi\ of 

diisopropylediylamine (Aldrich) followed by 40 pi of diethyl cyanophosphonate (Aldrich). The 
resulting colorless solution is allowed to stir at room temperature under a nitrogen atmosphere 
for 25 h at which time TLC analysis confirms the reaction is complete. This mixture is diluted 
with methanol and then concentrated under reduced pressure (first under house vacuum to 

10 remove methanol and then with a vacuum pump to remove dimethylformamide) to give the 
crude product as a light brown solid. This material is chromatographed over 50 g of silica gel 
(63-200/i), eluting with 4% (4M NH3/MeOH)/CHCl3 and collecting 7 ml fractions. Fractions 
28-40 are combined and concentrated to give 78 mg of L-3. 
Physical characteristics are as follows: 

15 TLC (Phosphomolybdic acid) R/ = 0.45 in 5% (4M NH3/MeOH)/CHCl3. 

B. The Boc-Val-CVD-Ile-2-Amp (L-3) from the previous experiment-is treated 
whh 3 ml of methylene chloride and 3 ml of trifluoroacetic acid (Aldrich). The resultmg 
solution is stirred at room temperature for 2 h at which time TLC analysis indicates the reaction 
is complete. The solution is concentrated under reduced pressure to give the crude product as 

20 an oil. This material is diromatographed over 50 g of silica gel (63-200m)» eluting with 5% 
(4M NH3/MeOH)/CHCl3 and coUectmg 7 ml fractions. Fractions 36-55 are combined and 
concentrated to give 58 mg of L-4. 

Physical diaracteristics are as follows: 

TLC (Phosphomolybdic acid) R/ = 0.19 m 5% (4M NH3/MeOH)/CHa3. 

25 C. A solution of 64 mg of 5-[CH30[CH2CH20J5]-l-Noa (L-5), prepared as 

described in Preparation 171, and 58 mg of H-Val-CVD-Ile-2-An?) (L-4) all in 2 ml of 
dimethylformamide is treated with 83 /d of diisopropylethylamine (Aldrich) followed by 37 p\ 
of diethyl cyanophosphonate (Aldrich). The resulting solution is allowed to stir at room 
temperature under a nitrogen atmosphere for 19 h at which time TLC analysis indicates no 

30 remaining amine. The solution is diluted with methanol and then concentrated under reduced 
pressure (first under house vacuum to remove methanol and then with a vacuum pump to 
remove dimethylformamide) to give the crude product as a dark brown oil. This material is 
chromatogr^hed over 50 g of silica gel (63-200/t), eluting with 3% (4M NH3/MeOH)/CHCl3 
and collecting 6.5 ml fractions. Fraaions 63-89 are combined and concentrated to give 74 mg 

35 of the titied product: 

Physical characteristics are as follows: 
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MS (FAB, high resolution positive ion) m/z 1024.6236 [M+H] other ions at mh 
916, 803, 534, 506, 270, 222, 126, 109, 86, 72 and 59. HPLC retention time = 19.4 
min. TLC (Phosplv)moIybdic acid) R/ = 0.16 in 6% (4M NH3/MeOH)/CHCl3 . 
HIV-1 Protease (Kj, nM): 8,9. 
5 PREPARATION 171 5-[CH30[CH2CH20l5J-I-Noa. 

A, A mixture of pentaethylene glycol (0.21 ml; Aldrich) in 1.6 ml of hexane (the 
glycol) does not dissolve in this solvent and gives a two phase mixture) is treated with 0.40 ml 
of dihydropyran (Aldrich) and then with 22 mg of aluminum sulfate impregnated silica gel (3 
mmoL aluminum sulfate/g silica gel) catalyst- This mixture is stirred under a nitrogen 
10 atmosphere for 1.5 h and then filtered through a sintered glass filter funnel, washing the 
collected solids with ethyl acetate. The combined filtrates are concentrated under reduced 
pressure to give a colorless oil. This material is chromatographed over 50 g of silica gel (63- 
200Ai), eluting with 5% MeOH/CHClj and collecting 8 ml fractions, Fraaions 24-31 are 
combined and concentrated to give the bis-tetrahydropyranyl adduct. 
15 Physical characteristics are as follows: 

NMR (CDCI3) 5 4.64, 3.90-3.82, 3.70-3.50, 1,93-1.46. TLC (Sulfuric acid) R/ = 
0.68 in \Q% MeOH/CHCl3. 

Fractions 42-140 afford the pure desired conq)ound (THP0(CH2CH20)5H). 
I%ysical characteristics are as follows: 
20 NMR (0003) 5 4.64, 3.90-3.82, 3.70-3.50, 2.78, 1,93-1.46. TLC (Sulfuric acid) 

R/ = 0.30 (elongated spot) in 10% MeOH/CHC^. [The column was stripped with 
ethyl acetate and this wash afforded some additional desired product along with 
unreacted glycol]. 

B, A 1,1 g mixture of products (no chromatographic sq)aration) from the synthesis 
25 of THPO(CH2CH20)H [i.e. THPO(CH2CH20)H, THPO(CH2CH20)THP and pentaethylene 
glycol] all in 5 ml of tetrahydrofiiran is treated with excess methyl iodide (0.32 ml, Aldrich) 
followed by the portionwise addition of sodium hydride (0.20 g, 60% dispwsion in miuCTal 
oil). The resulting mixture (under a nitrogen atmosphere) is let stir at room temperature for 19 
h and then quenched with saturated aqueous ammonium chloride. This mixture is extracted 
30 with ethyl achate (5x) and the combined organic extracts are dried (magnesium chloride), 
filtered, and concentrated under reduced pressure to give the crude produrt mixture 
(THP0(CH2CH20)THP, THPO(CH2CH20)5CH3 and CH30[CH2CH20]5CH3 as a yellow oil. 
This material is combined with another lot of simUarly prepared material and is used in the next 
e7q}eriment without purification or characterization. 
35 C, A 7.0 g sample of the product mixture from the previous experiment is 

dissolved in 8 ml of tetrahydrofiiran. This solution is treated with 1 ml of water and 1 ml of 1 
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N hydrochloric acid. The resulting solution is allowed to stir at room temperature for 2 h and 
then an additional 1 mi of water is added. Stirring is contuiued for 18 h at which time TLC 
analysis indicates only partial hydrolysis. Two additional ml of 1 N hydrochloric acid is added 
along with 5 ml of methanol. This solution is then heated to 60-65°C for 4.5 h. The orange 
5 colored solution is allowed to cool to room temperature and then neutralized to pH 7 by the 
dropwise addition of saturated aqueous sodium bicarbonate. This mixture is concentrated under 
reduced pressure to give an orange colored oil. This material is flash chromatographed on a 
silica gel (40-63;i) column (35 mm OD x 40 cm), eluting with 50% acetone/hexane and 
collecting 140 ml fractions. Fraction 6-12 are combined and concentrated to give 1.52 g of 
10 pure monomethyl ether HO(CH2CH20)5CH3. 

Physical characteristics are as follows: 

NMR (CDCI3) 5 3.75-3.53, 3 J8, 2.81; MS (EI) m/z 253 [M]+(weak), 133, 103, 
89, 59, and 45. TLC (Sulfuric acid) R/ = 0.23 (elongated spot) in 50% 
acetone/hexane [this material gives only a very faint spot under these TLC conditions]. 
15 D. A solution of 1.52 g of HO(CH2CH20)5CH3 in 5 ml of pyridine is placed 

under a nitrogen atmosphere and cooled to 0**^ This solution is then treated in one portion 
with 1.40 g of p-toluenesulfonyl chloride and the resulting solution is stirred at 0**C for 2.5 h 
(after about 30 min a milky suspension had fonned). This mixture is poured into a cold Oce 
bath) solution of 5 ml concentrated hydrochloric acid and 15 ml of water and then extracted 
20 with ethyl acetate (3x). The combined organic extracts are washed with water (4x) with the pH 
of the final wash being adjusted to 7 by the addition of saturated aqueous sodium bicarbonate. 
The organic phase is dried (magnesium sulfate), filtered and concentrated to give the crude 
product (TSO(CH2CH20)5CH3) as an orange colored oil. 
Physical characteristics are as follows: 
25 NMR (CDCI3) 5 7.80, 7.34, 4.204.14, 3.73-3.53, 3.38, 2.45. TLC 

(Phosphomolybdic acid) R/ = 0.55 in 50% acetone/hexane. This material was used 
direcdy in the next experiment without purification. 
E. A solution of 1 .02 g of CH30(CH2CH20]5Ts and 0.38 g of 1 ,5- 
dihydroxynaphthaiene (Aldrich) all in 20 ml of dimetfaylfbrmamide is treated portionwise via a 
30 spatula with 0.21 g of sodium hydride (60% dispersion in mmeral oil) (Aldrich) over 10 min 
while purging the system with nitrogen. The resulting mbrture is heated to 50*C and stirred 
for L5 h. Methyl bromoacetate (0.45 ml) is then added via syringe and stirring and heating is 
continued for an additional 1 .5 h. The solution is let cool and the reaction is quenched by the 
addition of saturated aqueous ammonium chloride. This mixture is diluted with methanol and 
35 then concentrated under reduced pressure (first under house vacuum to remove methanol and 
then with a vacuum pump to remove dim^ylformamide) to give a greenish colored solid. 
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This.nmterial is dUuted-with ethyl acmte and water 2"x 50 ml). The aqueous 

washes are back-extraaed with ethyl acetate and the combined organic extracts are dried 
(magnesium sulfate), filtere$i and concentrated to give 1.2 g of crude product mixture as a 
brown colored oil. This material is chromatographed over 50 g of silica gel (63-200/x), during 
5 widi 25% acetone/hexane and collecting 9 ml fractions. Fractions 38-60 are combined and 
concentrated to give 406 mg of slightiy impure product. This material is subjected to a similar 
chromatographic sequence (5 ml fraaion, 2% methanol/chloroform). Fractions 16-18 afford 98 
mg of product contaminated with another unidentified component while fractions 19-23 afford 
228 mg of pure 5-[CH30[CH2CH20]5]-l-Noa, Methyl Ester. 
10 Physical characteristics are as follows: 

NMR (CDCI3) 3 7.94, 7,93. 7,40, 7.35, 6.87, 6.74, 4.82, 4.33-4.25, 4.03-3.95, 
3.83, 3.85-3.76, 3.72-3.59, 3.56-3.50, 3.37; TLC (UV) R/ = 0.46 in 3% 
methanol/chloroform. 

F. A solution of 228 mg of 5-[CH30[CH2CH20]5l-l-Noa, methyl ester in 3.5 ml 
15 of methanol, 1 ml of water and 1 ml of 1.00 N sodium hydroxide is let stir at room 

temperature for 20 h. The reaction is neutralized with 0.1 N hydrochloric acid solution, diluted 
with methanol and then concentrated under reduced pressure to give the crude tided product as 
a dark brown oil. 

Physical characteristics are as follows: 
20 TLC (UV) R/ = 0.00 in 3% medianol/chlorofbrm. This material was used as is in 

subsequent experiments widsout further characterization or purification. 
PREPARATIONS 172-270 AND EXAMPLES 12-21 

Using the chemical procedures, starting materials and reactants described above, or 
metiiods anlogous thereto, die followmg additional parent and final compounds of die present 
25 invention are or may be prq)ared: 

(172) NoK(2S,4S,5S>5-[N-[2-(3-Pyridinyl)edienylcarbonyl]amino]-6-cyclohexyl-4-^ 
isopropyI-l-oxohexyl]-N-[2-(2-pyridinyiamino)efliyl]-L-isoIeucinamide; or 3Py 
CH = CHCO CVA lie NH(CH2)2NH 2Py . 

HR FAB MS [M+H] + m/i 635,4302. 
HTV-I Protease (Kj, nM): 4. 

(173) Na-[(2S,4S,5S)-5-(N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyI-4-hydroxy-2-i^ 
I-oxohexyl]-N-(2-benzimidazolylmediyl)-L-isoIeucinamide; or 2Py CO CVA He Amb). 
HR FAB MS [M+H1+ m/z 619.3983. 

HIV-1 Protease (Kj, nM): 2. 

35 (174) Na-((2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)aniino]-6-cyclohexyl-4-hydroxy-2-isopropyI- 
l-oxohexyl]-N-I(2-hydroxy-2-phenyI)ediyI]-L-isoleucinamide; or 2Py CO CVA He Hpa. 



30 
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HR FAB MS [M+H]"^ m/z 609.4003. 
HIV-1 Protease (Kj,^nM): 8.1. 

(175) Na-[(2S,4S,5S)-5-[N-[2-(3-Pyridinyl)ethenyJcarbonyl]araino]-6-cyclohexyl-4-hydroxy-2 
isopropyl-l-oxohexyI]-N-(2-benziniidazolylmethyl)-L-isoleucinamide; or 3Py 

5 CH = CHCO CVA He Amb. 

HR FAB MS [M+H]-^ m/z 645.4138. 
HIV-1 Protease (Kj, nM): < 10. 

(176) N-[(2S,4S,5S)-5-[N-[2-(3-Pyridinyl)ethenylcarbonyl]aininoJ-6-cyclohexyl-4-hydroxy-2- 
isopropyl-l-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-indanyl]ainine; or 3Py CH=CHCO 

10 CVA Ahi. 

HR FAB MS [M+H]"^ m/z 534.3312. 
HIV-1 Protease (Kj, nM): 1. 

(177) Na-[(2S,4S,5S)-5-[N-[(4-Pyridinyl)methoxycarbonyl]araino]-6-cyclohexyl-4-hydroxy-2- 
isopropyl-l-oxohexyl]-N-(2-benziinidazolyIinethyl)-L-isoleucinamide; or 4Poc CVA He 

15 Amb. 

HR FAB MS [M+H]"^ m/z 649.4087. 
HIV-1 Protease (Kj, nM): 28.3. 

(178) Na-[(2S,4S,5S)-5-[N-(2-Pyrid5nylcarbonyl)ainino]-^cyclohexyl-4-hydroxy-2-isopropyl- 
l-oxohexyl]-N-[4-[(3-nitro-2-pyridinyl)ainino]-2-butenyl]-L-isoieucinaniide; or 2Py CO 

20 CVA He Npb. 

HR FAB MS [M-hH]-^ m/z 680.4135. 
HIV-1 Protease (Kj, nM): 12. 
(Example 12) (Na-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-(0- 
phosphoryI)-2-isopropyl-l-oxohexyI]-N-(2-ben2iniidazolylmethyl)-L- 
25 isoleucinamide, trifluoroacetic acid salt; or 2Py CO CVP He Amb. 

HR FAB MS [M+H]"^ m/z 699.3654. 
HIV-1 Protease (Kj, nM): 567. 

(179) Na-[(2S,4S,5S)-5-[N-[(2-Pyridinyl)methoxyc:arbonyI]amino]-6-cyclohexyl"4^ 
isopropyl-lK)xohexyl]-N-(2-benzimidazolylmethyl>L-isoleucniaraide; or 2Poc CVA He 

30 Amb. 

HR FAB MS [M+H]+ m/z 649.4100. 
CV-I Assay (% Inhibition): 87% at 1.0 ptM. 

(180) Na-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyi)amino]-6-cyclohexyl-4-hydroxy-2--isopropyl- 
l-oxohexyl]-N-[2-[(3-mtro-2-pyridinyl)amino]e±yl]-L-isoleucinamide; or 2Py CO CVA 

35 He Npe. 

HR FAB MS fM+H]*^ m/z 654,3999. 
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™" Hrv^Protease (Kj,~nM)T™<57™ ""~r~" 

(181) Na-[(2S ,4S ,5S)-5-[N-(2-Pyridinylcarbonyl)ainino]-6-cycIohexyl ^hydroxy-2-isopropyI- 
lK)xohexyl]-N-[2-[(3-amino-2-pyridinyl)amino]ethyI]-L-isoleucinamide; or 2Py CO 
CVA De Ape. 

5 HR FAB MS [M-fH]+ m/z 624.4245. 

HIV-l Protease (Kj, nM): 12. 

(182) N-[(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)aniino]-6-cyclohexyl-4-hydroxy-2-isopropyl-l- 
oxohexyl]-N-{4-I(3-iiitro-2-pyridinyl)amino]-2-butenyl]amine; or 2Py CO CVA Npb. 
HR FAB MS (M+H]+ m/z 567.3333. 

10 HIV-l Protease (Kj, nM): >250. 

(Example 13) N-[(2S,4S,5S)-5-IN-[2K3-Pyridinyl)edienylcarbonyI]amino]-6-cyclohexyl-4-(0- 

phosphoryl)-2-isopropyl-l-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-indanyl]amine; or 

3Py CH=CHCO CVP Ahi. 

HR FAB MS [M + Na] ^ m/z 636.3001 . 
15 HIV-l Protease (Kj, nM): >200. 

(183) N-[(2S,4S,5S)-5-[N-[(3-Pyridinyl)methyoxycarbonyl]amino]-6-cyclofaexyI-4-hydroxy-2- 
isopropyI-l-oxohexyI]-N-[(lS,2R)-2-hydroxy-l-mdanyl]amine; or 3Poc CVA Ahi. 

HR FAB MS [M+H] m/z 538.3304. 
HIV-l Protease (Kj, nM): < 10. 
20 (184) 2-[(2-phenoxy)ethoxy]benzoyl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-L-isoleucyl-2-aniinomethylpyridine; or Peb-CVD-He-Amp. 
HR FAB MS [M+H]"^ m/z 731.4375. 
HIV-l Protease (Kj, nM): 52.6. 

(185) 24(2-phenoxy)ethoxy]benzoyl-5S-amino-6-cyclohexyl-3R,4RKlihydroxy-2R-isopropyI- 
25 hexanoyl-L-isoleucyl-2-aminomethylbenzimidazole; or Peb-CVI>-Ile-Amb. 

HR FAB MS [M+H]"^ m/z 770.4512 
HIV-l Protease (Kj, nM): 8.1. 

(186) 2-[(2-phenoxy)etfaoxy]benzoyI-5S-ammo-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyU 
hexanoyl-L-isoleucyl-rerf-butylmethylamine; or Peb-CVD-He-Tma. 

30 HR FAB MS [M+H]+ m/z 710.4750. 

HIV-l Protease (Kj, nM): 810. 

(187) 2-[(2-phenoxy)ahoxy]benzoyl-5S-aniino-6-cyclohexyI-3R,4R-<iaiydroxy-2R-isopropyl- 
hexanoyl-2-aminomethylbenziniidazole; or Peb-CVD-Amb. 

HR FAB MS [M+H1+ m/z 597.3939. 
35 CV-1 Assay (% Inhibition): 71.0% at 10.0 /tM. 

(188) 4-methyl-2-[(2-phenoxy)ethoxy]ben2X)yl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R^ 
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isopropyi-hexanoyI-L-isoleucyI-2-aminomethyIbenzimidazole; or Mpb-CVD-Ile-Amb. 
HRFAB MS [M+H]*^ m/z 784.4461. 
HIV-1 Protease (Kj, nM): 48. 

(189) 24(phenylthio)methoxy]benzoyl-5S-amino-6-cycIohexyl-3R,4R-dihydroxy-2R-isopropyl- 
5 hexanoyl-L-isoleucyl-2-aminomethylbenzimidazole; or Ptb-CVD-Ile-Amb. 

HR FAB MS [M+H]-^ m/z 772.4156. 
HIV-1 Protease (Kj, nM): 5.5. 

(190) 3-I(2-phenoxy)ethoxy]propionyI-5S-ainino-6-cycIohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyI-L-isoleucyl-2-aminomethylbenzimidazole; or Pep-CVD-Ile-Amb. 

10 HR FAB MS [M+H]-^ m/z 722.4510. 

HIV-1 Protease (Kj, nM): 4. 

(191) 2-f2-(2-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl-5S-amuio-6-cyclohexyl-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2-aminomethylbenzimidazole; or Mee- 
CVD-IIe-Amb. 

15 HR FAB MS (M+H]+ m/z 796.4871. 

HIV-1 Protease (Kj, nM): 10.5. 

(192) 2-r(2-methoxy)ethoxy]benzoyI-5S-amino-6-cycIohexyI-3R,4R-dihydroxy-2R-isopropyl^ 
hexanoyi-L-isoleucyI-2-aminomethylben2hnidazole; or Meb-CVD-De-Amb. 

HIV-1 Protease (Kj, nM): 89. 
20 (193) 2-[2-(2-methoxy)ethaxy)ethoxy]benzoyl-5S-amino-6-cyclohexyi-3R,4R-dihydroxy-2R- 
isopropyI-hexanoyl-L-isoIeucyl-2-aniinoinethyIbenzimidazole; or Mtb-CVD-Ile-Amb. 
HR FAB MS [M+H]-^ m/z 752.4613. 
HIV-1 Protease (Kj, nM): 4.5. 
(Example 14) l-naphthoxyacetyl-0-phosphoryI-L-seryl-5S-amino-6-cyclohexyI-4S-hydroxy-2S- 
25 isopropyl-hexanoyl-L-isoleucyl-2-aminomethylpyridine, dipotassium salt; or 

Noa-0-P03K2-Ser-CVA-Ile-Arap. 
HR FAB MS [M+H]-^ w/z 902.3472. 
HIV-1 Protease (Kj, nM): 41. 

(194) /OT-butyloxycarbonyl-5S-ainino-6-cyclohexyMS-hydroxy-2S-isopropyl-hexanoyl-L- 
30 threonyI-2-aminomethylpyridine; or Boc-CVA-Thr-Amp. 

HR FAB MS [M+H]*^ m/z 563.3828, 
HIV-1 Protease (Kj, nM): 120. 

(195) fm-butyIoxycarbonyl-5S-aniino-6-cyclohexyl-4S-hydroxy-2S-!Sopropyl-hexanoyi-L- 
seryI-2-aminomethyipyridine; or Boc-CVA-Ser-Amp. 

35 HR FAB MS [M+H]+ mh 549.3671. 
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HIV-M>rotease"(KirnM): 120: ^ ~~ — 

(196) l-naphthoxyacetyl-L-histidyl-5S-amino-6-cyclohexyI-4S-hydroxy-2S-isopropy 
L-threonyl-2-aminoipethylpyridine; or Noa-His-CVA-Thr-Amp. 

HR FAB MS rM+H]+ m/z 784.4389. 
5 HIV-I Protease (Kj, nM): <5. 

(197) 2-acetoxybenzoyl-5S-amino-6-cyclohexyMS-hydroxy-2S-isopropyI-hexanoyI-L- 
isoleucyl-2-aminomethylpyridine; or Acb-CVA-Ile-Amp. 

HR FAB MS [M+H]*^ m/z 637.3934. 
HIV-1 Protease (Kj, nM): 12.L 
10 (198) l-naphthoxyacetyI-L-valyI-5S-amino-6-<:ycIohexyMS4iydroxy-2S-isopropyl-hexM^ 
seryl-2-aminomethylpyridine; or Noa-Val-CVA-Ser-Amp. 
HR FAB MS [M+H]-*- m/z 732.4320. 
HIV-1 Protease (Kj, nM): 8.1. 

(199) l-naphthoxyacetyI-L-valyl-5S-ainino-6-cyclohexyl-4S4iydroxy-2S-isopropyl-hexanoyl-L- 
15 threonyl-2-aminomethylpyridine; or Noa-Val-CVA-Thr-Amp. 

HR FAB MS [M+H]"*" m/z 746,4491. 
HIV-1 Protease (Kj, nM): 10. 

(200) l-naphthoxyacetyI-L-threonyl-5S-ammo-6-cyclohexyMS-hydroxy-2S-isopropyI- 
hexanoyI-L-isoleucyl-2-aminomethylpyridine; or Noa-Thr-CVA-Ile-Amp. 

20 HR FAB MS [M+H]-^ m/z 760.4661. 

HIV-1 Protease (Kj, nM): < 10. 

(201) l-naphthoxyacetyl-L-seryl-5S-amino-6-c7cIohexyl-4S-hydroxy-2S4sopropyl-he^ 
isoleucyl-2-aminoraethylpyridine; or Noa-Ser-CVA-Ile-Amp. 

HR FAB MS [M+H]"^ m/z 746.4519. 
25 HIV-1 Protease (Kj, nM): <10. 

(202) 2-hydroxybenzoyl-5S-ammo-6-cyclohexyl-4S-hydroxy-2S-isopropyI-hexahoyl-L- 
isoleucyJ-2-ammoniethyIpyridine; or Hyb-CVA-De-Amp. 

HR FAB MS [M+H]-*- m/z 595.3830. 

HIV-1 Protease (K|, nM): 158. 
30 (203) methoxycarbonyl-D-prolyl-5S-amino-6<yclohexyMS-hydroxy-2S-isopropyI-hexanoyl-L- 

isoleucyI-2-aminom^ylpyridme; or Moc-D-Pro-CVA-Ile-Amp. 

HR FAB MS [M4-HI+ mA 630.4219. 

HIV-1 Protease (Kj, nM): 89. 
(204) rm-butyloxycarbonyi-L-prolyl-5S-amino-6-cyclohexyMS-hydroxy-2S-isopropyl- 
35 hexanoyl-L-isoleucyl-2-aniinoinetfiylpyridine; or Boc-Pro-CVA-Ue-Amp. 
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HR FAB MS [M+H]+ m/z 672.4727. 
HIV-1 Protease (Kj^ nM): 73. 

(205) methoxycarbonyI-L^rolyI-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isoprop 
jsoleucyl-2-aminoinethyipyridine; or Moc-Pro-CVA-Ee-Amp. 

5 HR FAB MS [M+H] + Wz 630,4219. 

HIV-1 Protease (Kj, nM): 308. 

(206) Acetyl-L-prolyl-5S"amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L-isoIe^ 
2-aminoinethylpyridine; or Ac-Pro-CVA-IIe-Amp. 

HR FAB MS [M+H] + m/z 614.4289. 
10 HIV-l Protease (Kj, nM): 146, 

(207) l-naphthoxyacetyl-L-histidyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl4iexan^ 
lS-amino-2R-hydroxy-indane; or Noa-His-CVA-Ahi. 

HR FAB MS (M+H]+ m/z 724.4110. 
HIV-1 Protease (Kj, nM); 40. 
15 (208) l-naphthoxyacetyI-L-histidyI-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-lS-anuno-2R4iydroxy-mdane; or Noa-His-CVD-Ahi. 
HR FAB MS [M+H]-^ m/z 740.4029. 
HIV-1 Protease (Kj, nM): 14^, 

(209) l-naphthoxyacetyl-L-threonyl-5S-aniino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropy^ 
20 hexanoyI-L-isoleucyl-2-aminomethylbenziinidazole; or Noa-Thr-CVD-Ile-Amb. 

HR FAB MS [M-f-HJ-^ m/z 815.4704. 
HIV-1 Protease (Kj, nM): <5. 

(210) l-n^hthoxyacetyl-L-seryl-5S-ammo-6-cydohexyl-3R,4R-dihydroxy-2R-isop 
hexanoyl-L-isoleucyl-2-aminomethylbenzimidazole; or Noa-Ser-CVD-Ile-Amb. 

25 HR FAB MS [M+H] + m/z 801.4573. 

HIV-1 Protease (Kj, nM): 28,9. 

(21 1) l-naphthoxyacetyl-L-iK)moseryl-5S-amino-6^clohexyl-4S4iydroxy-2S-iTO^ 
hexanoyI-L-isoleucyl-2-aminomediylpyridme; or Noa-Hsr-CVA-De-Amp. 
HR FAB MS [M+H] m/z 760.4661 . 

30 HIV-1 Protease (Kj, nM): 15. 

(212) l-naphthoxyacetyl-L-threonyl-5S-amino^ydohexyl-3R,4R-dihydroxy-2R-isop^ 
hexanoyl-lS-aniino-2R-hydroxy-indane; or Noa-Thr-CVD-Ahi. 

HR FAB MS IM+H]+ m/z 704.3913. 
CV-1 Assay (% Inhibition): 78.0% at 1.0 /tM. 
35 (213) l-naphthoxyacetyl-L-seryl-5S-amina-6-cydohexyI-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-lS-aniino-2R-hydroxy-indane; or Noa-Ser-CVD-Ahi. 
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HR FAB MS |M+H]-^ m/: 690^^^^ 

HIV-1 Protease (Kj, nM): 30. 

(214) l-naphthoxyacetyl-I^-hisudyI-5S-aminc>^yclohexyl-3R,4R-dihyd 
hexanoyl-lS-amino-2R-hydroxy-indane; or Noa-His-CVD-Ahi. 

5 HR FAB MS [M+H]-*" m/z 740.4029. 

(215) 4-moq)holinecaitonyI-L-valyl-5S-amino-^yclohexyl-4S-hydroxy-2S-isopropy^ 
hexanoyl-L-isoleucyI-2-aminomethylpyridine; or Morph-Val-CJVA-Ile-Amp. 
HR FAB MS [M+H]+ mk 686.4731. 

HIV-1 Protease (Kj, nM): 11.3. 

10 (216) acetyl-L-valyl-5S-ammo-6<yclohexyl-4S-hydroxy-2S-isopropyl-hexaiioyl-^ 
aminomethylpyridine; or Acetyl-Val-CVA-Le-Amp. 
HR FAB MS [M+H] + m/z 615.4359. 
CV-1 Assay (% Inhibition): 72.0% at 1.0 /tM. 

(217) ^naphthoxyacetyl-^Pmethyl-L-histidyl-5S-aInino-6-cyclohexyI-4S-hydroxy-2S- 

15 isopropyl-hexanoyl-L-isoleucyI-2-aminomediylpyridine; or Noa-N*^mediyl-His-CVA-Ile- 

Amp. 

HR FAB MS [M+H]+ nUz 809.4840. 

CV-l Assay (% Inhibition): 60.0% at 1.0 /iM. 

(2 1 8) 3K4-hyd^oxyphe^yI)4)uty^yl-L-histidy^5S-amino-6-cyclohexyI-4S-hydroxy-2S- 
20 isopropyl-hexanoyl-L-5soIeucyI-2-aininomethyIpyridine; or Dat-His-CVA-Ile-Arap. 

HR FAB MS tM+H]+ mh 759.4683. 
HIV-1 Protease (Kj, nM): < 10. 

(219) 5<>H-l-naphthoxyacetyl-L-^istidyl-5S-amino-6-cyclohexyi^S4iy^ 
hexanoyI-L-isoleucyl-2-amuK)nietfaylpyridine; or 5-OH-NOA-His-CVA-Ile-Amp. 

25 HR FAB MS [M+H]"*- mh. 811.4632. 

CV-1 Assay (% Inhibition): 53.0% at 1.0 /iM. 

(220) 2-I(2-phenoxy)ethoxy]bcnzoyl-5S-amino-6-cydohexyI^.hydroxy-2S-isopropyl- 
hexanoyl-L-isoleucyl-2*anunomethylben2imidazole; or Peb-CVA-He-Amb. 

HR FAB MS [M+H]-^ mh 754.4543. 
30 HIV-1 Protease (Kj, nM): 20.2. 

(221) 3-(44iydroxyphenyl)-butyryl-L-valyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isop 
hexanoyl-L-isoleucyI-2-aminometfaylben2iniida2oIe; or Dat-Val-CVA-De-Amb. 
HR FAB MS [M+HI+ mh 760.4887. 

HIV-1 Protease (Kj, nM): 40.5. 
35 (222) hydroxyacetyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl^exanoyI-L-isoieucyl-2- 
aminomethylbenzimidazole; or Hydroxyacetyl-CVA-Ile-Amb. 
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HR FAB MS [M+H]"^ m/z 571.3733. 
HIV-1 Protease (Ki,^nM): 11.7. 

(223) 2-hydroxy-3-methylbutryl-5S-amino-6-cydohexyl-4S-hydroxy-2S-isopropyl-hexanoy 
isoleucyl-2-aininoinethyIbenziinidazole; or Hmb-CVA-Ile-Amb O^ss polar isomer). 

5 HR FAB MS [M4-H]+ m/s 613.4203. 

HIV-l Protease (Kj, nM): 70. 

(224) 24iydroxyO-methylbutryl-5S-ainino-6-cycIohexyl-4S-hydroxy-2S-isopropyl-hexM^ 
isoleucyl-2-aminoinethylbenzimidazole; or Hmb-CVA-IIe-Amb (more polar isomer). 
HR FAB MS [M+H]"^ mJz 613.4203. 

10 HIV-1 Protease (Ki, nM): 34. 

(225) 3-(4-hydroxyphenyl)-butyryl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl- 
L-isoleucyl-2-aminomethylpyridine; or Dat-CVA-lle-Amp. 

HR FAB MS [M+H]"^ m/z 622.4094. 
HIV-1 Protease (Kj, nM): 22.3. 
15 (226) 4-hydroxyphenylacetyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
isoleucyl-2-aniinomethyibeii2imidazole; or 4-Hpa-CVA-ne-Amb. 
HR FAB MS [M+H]-^ 647.4046. 
fflV-l Protease (Kj, nM): < 10. 

(227) 2-hydroxyphenylacetyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
20 isoleucyl-2-aminomethylben2iraidazole; or 2-Hpa-CVA-Ile-Amb. 

HR FAB MS [M+H]-^ m/z 647.4046. 
HIV-1 Protease (Kj, nM): 8J. 

(228) 3-hydroxyphenylacetyl-5S-aniino-6-cyclohexyI-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
isoleucyl-2-aniinomethylbenzimidazole; or 3-Hpa-CVA-IIe-Amb. 

25 HR FAB MS [M+H]"** m/z 647.4046. 

HIV-1 Protease (Kj, nM): <10. 

(229) 3-(4-hydroxyphenyl)-butyryl-5S-amino-6-<7clohexyMS-hydroxy-2S-isopropyl-hexan^ 
L-isoleucyl-2-aminomethylbenzimidazole; or Dat-CVA-De-Amb. 

HR FAB MS [M+H]"*" m/z 661.4203. 
30 HIV-1 Protease (Kj, nM): 4. 

(230) 3-(4-hydroxyphenyl)-butyryl-5S-amino-6-cydohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexanoyl-lS-amino-2R-hydroxy-indane; or Dat-CVD-Ahi. 

HR FAB MS [M+H]"^ m/z 665.4040. 

(231) l-naphthylenyloxyacetyi-L-asparaginyl-5S'-amino-6-cyclohexyl-4Shydroxy-25-isopropyI- 
35 hexanoyI-L-isoleucinyl-2-aminoraethyipyridine; or Noa-Asn-CVA-De-Amp. 
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C43H6-oN^07[M+H}+ = 773." 
HIV-1 Protease (Kj. nM): 4. 

(232) ((5-(3,6,9-trioxa-de(j-l-yl)oxy)naphthalen-l-yl)oxyacetyI-L-asparaginyI-55-amino-6- 

cyclohexyWS-hydroxy-25-isopropyl-hexanoyl-L-isoleucinyI-2-aminoinethylpyiidme; or 
5 S-Trieg-Noa-Asn-CVA-Ile-Amp. 

C50H74N6O11 [M+HJ+ = 935.5476. 

HIV-1 Protease (Kj, nM): 32.4. 

(233) ((4-(3,6,9-trioxa-dec-l-yl)oxy)naphthaleD-l-yl)oxyacetyl-L-asparaginyl-5J-aniino-6- 
cyclohexyl-45-hydroxy-25-isopropyl-hexanoyI-L-isoleucinyl-2-anunomethylpyridine; or 

10 4-Trieg-Noa-Asn-CVA-De-Amp. 

C50H74N6O11 [M-hHl+ = 935.5494. 
HIV-1 Protease (Kj, nM): 14.2. 

(234) l-naphthalenyloxyacetyl-L-valinyl-5S-ainino-6-cyclohexyl-45-hydroxy25-isopropyl- 
hexanoyl-L-isoleucinyl-2-aminoinethylpyridme; or Noa-Val-CVA-Ile-Amp. 

15 C44H63N5O6 [M+H]+ = 758.4839. 

CV-1 Assay (% Inhibition): 93.0% at 10.0 /tM. 

(235) ((5-(3.6,9-trioxa-dec-l-yl)oxy)n^hthalen-l-yI)oxyacetyl-L-asparaginyl-5J-amino-6- 

cyclohexyl-45'^ydroxy-25-isopropyl-hexanoyl-L-isoleucinyl-2-aminomethylpyridine;or 
5-Trieg-Noa-His-CVA-ne-Amp. 

20 C52H75N7O10 [M-I-H1+ = 958.5629. 

HIV-1 Protease (Kj, nM): 6.3. 

(236) ((5-(3,6,9-trioxa-dec-l-yl)oxy)nq)hthalen-l-yI)oxyacetyl-L-asparaginyl-5J-amino-6- 
cyclohexyl-454iydroxy-2^-isopropyI-hexanoyI-L-isolOTcinyl-2-aiiunomethylpyridine;or 
4-Trieg-Noa-His-CVA-ne-Ainp. 

25 C52H75N7O10 [M+H]+ = 958.5653. 

HIV-1 Protease (Kj, nM): 6.7. 

(237) ((5-(3,6,9-trioxa-dec-l-yI)oxy)naphthal-l-yl)oxyacetyl-L-valinyl.55ainino-6-cyclohexyl- 

45-hydroxy-25'-isopropyl^exanoyl-L-isoleucinyl-2aminomethylpyridine;or 5-Trieg-Noa- 
Val-CVA-IIe-Amp. 

30 C5,H77N50io rM+H]+ = 920.5748. 

HIV-1 Protease (Kj, nM): 40. 

(238) ((4-{3,6,9-trioxa-dec-l-yl)oxy)naphthalen-l-yl)oxyacetyl-L-valinyl55-aramo-6- 

cyclohexyl-4J-hydroxy-2^-isopropyl-hexanoyl-L-isoleucinyI-2-aininomethylpyridine;or 
4-Trieg-Noa-Val-CVA-Ile-Amp. 

35 C5,H77N50jo[M-l-H]+ = 920.5749. 
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HIV.l Protease (Kj, nM): < 10. 

(239) ((5-{3,6,9, 12, 15-pentaoxa-hexadec-l-yl)oxy)naphthalen-lyl)oxyacety]-L-histidinyl-Sy- 
amino-6-cyclohexyl-4^-hydroxy-2JisopropyI4iexanoyl-L-isoleucinyl-2- 
aminomethylpyridine; or 5-Pentaeg-Noa-His-CVA-Ile-Amp. 

5 C55Hg3N70i2[M+H]+ = 1046. 

HIV-1 Protease (Kj, nM): 10.5. 

(240) ((5-(3,6,9,1245J8-hexaoxa-nonadec-l-yl)oxy)naphdiden-lyl)oxyacetyl-L-histidinyl-55^ 
amino-6-cyclohexyl-45'-hydroxy-2Ssopropyl-hexanoyI-L-isoleucinyl-2- 
aminomethylpyridine; or 5-Hexaeg-Noa-His-CVA-Iie-Amp. 

10 C58H87N7O13 [M+H]+ = 1090.6438. 

HIV-1 Protease (Kj, nM): 12. 

(24 1) ((5-(3 ,6,9, 12, 15-pentaoxa-hexadec-l •yI)oxy)naphthalen- 1 yl)oxyacetyl-L-histidinyl-5^- 
aniino-6-cyclohexyI-3/f,4/?-dihydroxy-2J2isopropy]-hexanoyl-L-isoleucinyl-2- 
aminomethylpyridine; or S-Pentaeg-Noa-His-CVD-Ue-Amp. 

15 C56Hg3N70i3 rM+H]+ = 1062.6082. 

HP/-1 Protease (Kj, nM): 7.7. 

(242) 2-((3-(4-(3,6,9-trioxadec-l-yloxy)phenyl)prop-l-yl)oxy)benzoyl-55amino-6-cyclohexyl- 
3/2,4/?-^ihydroxy-2i2-isopropyl4iexanoyI-L-isoleucinyl-2-aniinoniethylpyridine. 
C5qH74N40io[M+H]+ = 891.5507. 

20 HIV-1 Protease (Kj, nM): 142. 

(243) ((5-(8-amino-3,6-dioxa-oct-l -yI)oxy)naphthalen- 1 -yI)oxyacetyI-L-val inyl-55'"amino-6- 
cyclohexyl-3i2,4/?-dihydroxy-2/?-isopropylhexanoyl-L-isoleucinyI-2- 
aniinomethylpyridine. 

C50H76N6O10 [M+H]+ = 921.5695. 
25 CV-1 Assay (% Inhibition): 80.0% at 1.0 /tM. 

(244) ((5-(8-trimethylamminyi-3,6-dioxaH)ct-l-yl)oxy)naphthalen-lyl)oxyacetyl-L-vali^^^ 
aimno-6-cydohexyl-3i?,4i?-dihydroxy-2/?isopropyl-hexanoyl-L-isoleucinyI-2- 
aminomethyipyridine iodide. 

C53H83liN60io[M-I]'^ = 963.6188. 
30 HIV-1 Protease (Kj, nM): <10. 

(245) ((5-(3 ,6,9,12, 15^entaoxa-hexadec- 1 -yl)oxy)naphthalen- 1 yl)oxyacetyl-L-vaIinyl-5S'- 
amino-6H;yclohexyl-3/?,4iJ-dihydroxy-2/?isopropyl-hexanoyI-L-isoIeucinyI-15^^ 
hydroxy-indane; or 5-PentaegNoa-VaI-CVD-ne-Ahi. 

C52H78N3O13 [M+H]-^ = 952.5532. 
35 (246) napfathalene-2-suIfanyI-L-histidinyl-55'-amino-6-cyciohexyl-4aydroxy-2^^^ 
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hexanoyl-L-isoreucinyl-2-ainmonrrthyipyriduie. 
C43H59N7O6S1 fM+H]+ = 802.4320. 
HIV-1 Protease (Kj.jiiM): 36.4. 

(247) 2-I(2-phenoxy)ethoxy]benzoyl-55-amino-6-cycIohexyl-3«,4/?-dihydroxy2/f-isopropy 
5 hexanoyl-L-isoleucinyl-l-aniinoethyl(4-methylthiazole). 

C42H60N4O7S1 [M+H]+ = 765. 
HIV-l Protease (Kj, nM): 65. 

(248) 2-(2-<4-methylthiazol-5-yl)ethyl)oxy)beiizoyl-5J-aniino-6-cyclohexyl3/?,4i?-dft 
2i?-isopropyl-faexanoyl-L-isoleucinyl-2aminomethylpyridine. 

10 C40H57N5O6S1 [M+H]-^ = 736. 

HIV-1 Protease (Kj, nM): 9.1. 

(249) 2-(2-<4-methylthiazol-5-yl)ethyl)thio)beiizoyl-5S-amino-6cyclohexyl-3/?,4/?-dihydrox 
27?-isopropyl-hexanoyI-L-isoIeucinyl-2aininom«hylpyridme. 

C40H57N5O5S2 [M+H]+ = 752. 
15 HIV-1 Protease (Kj, nM): 5.1. 

(250) 2-(2-(4-methylthiazol-5-yl)etiiyl)oxy)benzoyl-55-amino-6-cyclohexyl3;f,4;?-dihydroxy- 
2«-isopropyI-hexanoyl-L-isoleucmyl-l-ammoethyl(4methyldiiazole). 
C40H59N5O6S2 [M+H]+ = 770. 

HIV-1 Protease (Kj, nM): 49.6. 

20 (251) 2-(2-{4-methylthiazol-5-yI)ethyl)thiyl)benzoyI-55-amino-6cyclohexyl-3«,4/?-dto^^ 
2if-isopropyl^exanoyl-L-isoIeucinyI laniinoethyI(4-ni^ylthiazole). 
C40H59N5O5S3 [M+H]+ = 786. 
HIV-1 Protease (Kj, nM): 15.7. 

(252) 2-((4-a3aJ-(3aa,4j8,6aa)]-m-thieno[3,4^imidazoI-2(3/0-on-4yl)pent-l- 

15 y')*>o)benzoyl-5S-amino-6-cyclohexyl-3i?,4/i-dihydroxy-2fiisopropyl-hexanoyI-L- 
isoleucinyl-aniino-2-(4-methyltbiazol-5yl)ethane. 
C44H68N6O6S3 [M+H]+ = 873. 
HIV-1 Protease (Kj, nM): 4. 

(253) 2-((4-([3a5-<3ao,4/3,6ao)]-lfl-tfaieno[3,4<jiinidazol-2(3/0^n-4yl)pent-l- 

0 ylW)benzoyl-5S-amino-6K:yclohexyl-3/?,4/?-dihydrDxy-2l?isopropyl-hexanoyl-L- 
isoleucmyI-2-aminoni^yIpyridine. 
C44H66N6O7S, [M+H]+ = 823. 
mv-l Protease (Kj, nM): 10.4. 

(254) 4-{[3aS-((3aa,4^,6ao()]-l//-thienor3,4-rfJimidazolyl)pentanoyI-55amino-6-cyclohexyl- 
> 3/?,4/?-dihydroxy-2/?-isopropyl-hexanoyl-L-isoIeucinyI-2-aniinoniethylpyridine; or 
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Biotinoyl-CVD-Ue-AMP. 
C37H60N6O6S1 [M+HJ+ =717. 
HIV-1 Protease (Kj, nM); 44^. 

(255) 4-(r3a5K3aa,4^,6aa))-lH-thieno[3,4-i/Jiimda20lyl)pentanoyl^ 

5 cyclohexyI-3/f,4/?-Klihydroxy-2/?-isopropylhexanoyl-L-isoleucinyl-2- 
aminometfayipyridine; or Biotinoyl-Val-CVD-Ile-AMP, 
C42H69N7O7S1 [M+H]-*- = 816. 
HIV-1 Protease (Kj, nM): <4. 

(256) 4-([3a5K3aa,4/J,6aa)]-lff-thieno[3,4^imida2olyI)pentanoyl-6aminohexM 
10 6-cyclohexyI-3i?,4i?-dihydroxy-2i?--isopropylhexanoyl-L-isoleucinyI-2- 

aminomethylpyridine; or Biotinoyl-Aminohexanoyl-CVD-Ile-AMP, 
C43H71N7O7S1 [M+H]+ = 830, 
HIV-1 Protease (Kj, nM): 20.2. 

(257) naphtfaalene-2-suIfonyl-L-valinyl-55-amino-2S-benzy]-3;?,47?HJihydroxy7-meth 
15 octanoyl-L-isoleucinyl-2-aminomethyIpyridine. 

C43H57N5O7S1 [M+H]+ = 788. 
HIV-1 Protease (Kj, nM): 4. 

(258) l-naphthyIoxyacetyl-L-histidinyl-55-ainino-2S4)enzyl-3/?,4i?-dm^ 
octanoyl-L-isoleucmyl-2-aniinomethylpyridine; or Noa-His-LFD-IIe-Amp. 

20 C45H57N7O7 [M+H]-^ = 820. 

HIV-1 Protease (Kj, nM): 28. 

(259) 24(2-phenoxy)ethoxy]benzoyl-55-amino-25'-benzyl-3/?,4/?Klihydroxy-7m^^ 
L-isoieucinyl-2-aminoniethylpyridine; or Pqp-LFD-IIe-Amp. 
C43H54N4O7 [M-hH]"*" = 739. 

25 HIV-1 Protease (Kj, nM): 186. 

(260) 2-I(2-phenoxy)ethoxy]ben2oyI-5S^-amino-25-benzyl-3«,4R-dihydroxy-7methylK)^ 
L-isoleacinyl-amino-2-(4-niethylfliia2ol-5-yl)ethane. 

C42H60N4O7S1 (M+H]+ = 765. 

HIV-1 Protease (Kj, nM): 65. 
30 (261) naphtbalene-2-5ulfonyI-L-asparagmyl-5S-amino-25'-faen2yl-3/?,4/^^ 

octanoyl-L-isoleucinyI-2-aniinomedaylpyridine. 

C42H54N6O8S1 [M+H]+ = 803, 

HTV-l Protease (Kj, nM): 40.5 
(262) n^hdialene-2-suIfonyl-L-vaimyI-55-amino-25-(C2-phenyl)eth-l-yl)3/?,4i?^ 
35 mediylK)ctanoyl-L-isoiaicinyI-2aininomethylpyridme, 
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e44H59N5C^Sj^ [M+H] -^^^^ 

CV-1 Assay (% Inhibition): 50.0% at 1.0 /zM. 

(263) naphthaIene-2-sulfo9yl-L-leucinyl-55-amino-25-benzyl-3/?,4/fdihydroxy-7-methyI- 
octanoyl-L-isoleucinyI-2-aminomethylpyridine. 

5 C44H59N5O7S1 [M+H]"^ = 802. 

HIV-I Protease (Kj, nM): 10.1. 

(264) 2-[(2i)henoxy)ethoxy]ben2oyl-5J-amino-2J-benzyl-3/f,4/eKiihydroxy-7methy!^)^ 
L-isoleucinyI-2-aminoroethylbenzimidazole; or Pq)-LFD-De-Amb. 
C45H55N5O7 [M+H]+ = 778. 

10 HIV-1 Protease (Kj, nM): 40. 

(265) 2-((3-(4-(3,6,9-trioxadec-l-yloxy)phenyl)prop-l-yl)oxy)benzoyl-55'amino-25-benzyI- 
3/?,4/?-dihydroxy-7-m^yl-octanoyl-15-amino-27aydroxy-indane. 
C48H62N2O10 [M+H]^ = 827. 

HIV-1 Protease (Kj, nM): 77. 
15 (266) Na-[(2S,4S,5S)-5-[N-[2-[2-[2-(2-Med)oxyethoxy)ethoxy]ethoxy]phenylcarbonyI] amino]- 
6-cyclohexyl-4-hydroxy-2-isopropyH-oxohexyl]-N-(2-ben2imidazolylmethyl)-L- 
isoleucinamide; or Mee CVA He Amb. 
HR FAB MS rM4-H]+ m/z 780.4922. 
HIV-1 Protease (Kj, nM): 8.1, 
20 (Example 15) Na-I(2S,4S,5S)-5-[N.[2-[2-(22-(2.methoxyedioxy)ethoxyJethoxy] 

phenylcarbonyl]-amino-6-cyclofaexyI-4-((>phosphoryI)-2-isopropyl-l-oxohexyI]- 
N-(2-benzimidazolylmeti[iyI)-L-isoleucinamide; or Mee CVP Ue Amb. 
(267) (l-n^hthoxy)acetyI-L-threonyl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isoprop^^ 
hexanoyI-L-isoleucyI-2-aminom^ylpyridine; or Noa-Thr-CVD-He-Amp. 
25 (268) ((5-{3,6,9,12,15-pentaoxa-hexdec-l-yl)oxy)naphthalen-l-yl)oxyacetyl-L-threonyl-5S- 
amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyI-hexanoyI-L-isoleucyl-2- 
aminomethylpyridine; or 5-PentaegNoa-Thr-CVD-Ile-Amp. 

(269) ((5K3,6,9,12,15-pentaoxa-hexdec-l-yl)oxy)naphthalen-l-yI)oxyacetyl-L-threonyl-5S- 
aniin<>-6-qrclohexyl-3R,4R-dihydroxy-2R-isopropyl-hexanoyl-l^isolcucyI^ 

30 aminomethylbenzimidazole; or 5-PentaegNoa-Thr-CVD-Ile-Amb. 

(270) ((5-(3,6,9, 12, 15-pentaoxa-hexdec-l-yl)oxy)naphthalen-l -yl)oxyacetyI-L-threonyI-5S- 
amino-6sydohexyI-3R,4R-dihydroxy-2R-isopropyI-hexanoyKlS-anuno-2R-hydrox 
indane; or 5-PentaegNoa-Thr-CVD-Ahi. 

(Example 16) ({5-{3,6,9,12,15-pentaoxa-hexdec-l-yl)oxy)naphthal«Hl-yl)oxyacetyl-0- 
35 phosphoryl-L-tfareonyl-5S-araino-6-cyclohexyl-3R,4RHlihydroxy-2R-isopropyl- 
hexanoyI-L-isoieucyi-2-aminomethyipyridine, dipotassium salt; or 5- 
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PentaegNoa-OP03K2-Tlir-CVD-Ile-Ainp. 
(Example 17) ((5-(3,6,9, 12, 15-pentaoxa-hexdec-l-yl)oxy)naphthalen-l-yi)oxyacetyl-0- 

phosphoryl-L-threonyl-5S-ammo-6-cydohexyI-3R,4R-<iihydroxy-2R-isopropy!- 
hexanoyI-L-isoleucyl-2-aimnomethylbenzimidazole, dipotassium salt; or 5- 
5 PenuegNoa-OP03K2-Thr-CVD-Ile-Amb. 

(Example 18) ((5-(3,6,9,12, 15-pentaoxa-hexdec-l-yl)oxy)naphthalen-l-yl)oxyacetyl-0- 

phosphoryI-L-threonyl-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-isopropyl- 
hexaDoyl-lS-ainino-2R-hydroxy-indane, dipotassium salt; or 5-PentaegNoa- 
OP03K2-Thr-CVD-Ahi. 

10 (Example 19) (l-naphthoxy)acetyl-Oi)hosphoryl-L-threonyl-5S-amino-6-cyclohexy!-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2-aminomethylpyridine, 
dipotassium salt; or Noa-OP03K2-Thr-CrVD-Ile-Amp. 
(Example 20) (l-naphthoxy)acetyl-0-phosphoryl-L-threonyI-5S-amino-6-cyclohexyl-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2-aminomethylbeiizimidazole, 
15 dipotassium salt; or Noa-OP03K2-Thr-CVD-Ile-Amb. 

(Example 21) (l-naphthoxy)acetyl-0-phosphoryl-L-threonyl-5S-amino-6-cyclohexyl-3R,4R- 
dihydroxy-2R-isopropyl-hexanoyl-lS-amino-2R-hydroxy-indane, dipotassium 
salt; or Noa-OP03K2-Thr-CVD-Ahi. 
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STRUCTURE CHART' 
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10 



/ 4 0 




15 



^4 Rfi 



XL, 



20 



CH 

\ 

_0 'C- 



25 



R^ R6 
R4 CB Q 

|J._L 



XL2 



30 



ho 

I 

_N CH2 CCO)_ 
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STRUCTURE CHART (continued) 
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STOUCTURE CHART (continued) 



CH2R1 ° 

H OH H Rjj 
XL. 



10 



H CH2R1 



15 



MB 



II 



H R 



11 



XL, 



6b 



''22 



/ 



'23 



CB H 



NH 




HO H H R 
XLsc 



11 



20 



*22 



25 



/ 



CH H 



HjN N B Rjj 




^ ^ 

HO H H 



rCH^ 

11 



XL, 



6d 
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STRUCTURE CHART (continual) 



R t CHn H 



I^''2 ^,"H OH II R1CH2 Hg 




NH 

hi HO HH 



II 




III 
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STRUCTURE CHART (continued) 



0 
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STRUCTURE CHART (continued) 

I 

5 ^ Of ^ ^(CH0R,2,). 

(R,2,0CH), (CH0I!,2,\ ^ \ 

cA-K,,, 0 CH-(CH0R,2,)t 



10 



CH2- 

XXX XXXI 




25 



(t-2to-X) 

eC*) = B(«) + X A («) Equation 0 



30 



e(«) = 17 + 



(12.63-2.4-2) 



20 



X 83 Equation U 
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CHARTS 




t. 



-104- 
CHART B 




1 




OH 



no 
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CHART E 
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CHART F (continued) 




■5 



OK 
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CHART G 

Boc(OTBOMS)CVAOH 

9 



OH 



Boc(OTBDMS)CVANH 




G-2 



O 
il 

OOCH3 



Boc<OTB0MS)CVANH 




A 



(0T80MS)CVANH ••• 




G-4 
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CHART G (continued) 



O 
il 
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CHARTH 



BrCH, H 

>=c' 



H 



CH,Br 



H-l 




• 2HCI 



HjN-CH, H 



H 



CHjNHj 



H-3 



H-2 




NH« H-4 
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CHART! 

H .2HCI 



H 



BoclleNH 




1-2 



H 



Boc(OTB0MS)CVAIIeNH 



1-3 



1-4 



O H 



1-5 
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CHART I (conUnued) 
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P-MEt2 1-7 




1-8 



1-9 



0 = P — OH 
I 

OH 
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CH ART J 



PCI- 



J-1 



ClnP N' 



CB2CH3 
CH2CH3 



J-2 



J-3 
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CHARTK 



9 




O 
II 
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CHARTL ~ 



Boc-Val-OH 
L-1 



H-CVD-Ile-2-Amp 
L-2 



Boc-Val-CYD-Ile-2-ADip 
L-3 



H-Val-CVD-Ile-2-Amp 
L-4 



5-[CH30[CH2CH20]5]-l-Noa 
L-5 



t 

5-[CH30[CH2CH20]5]-l-Noa-Val-CVD-Ile-2-Ainp 
L-6 
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CHART M 



o 
Jl 

HN NH 



si NH O 



o 
JL 

HN NH 



M-l 



M-2 



HN NH 



M-3 



■S-Md 



O 
11 

HN NH 
1 t 



oC. 

>^>-OMe 



OMe 
OH 



M-4 



M-5 



o 
u 

HN NH 

r-y\^^v^o' >oH 
^s^ o 



M-6 
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CHART N 






-124- 

CHART 0 (continued) 
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-125- 
CLAIMS" 

1 . A compound of the formula I 



Xj-Cg-Dp-EjQ-Fjj-Gij-Z 





wherein X| is 




5 


a) 


hydrogen, 




b) 


Cj-C7 alkyl. 




c) 


-(CH2)p-aryl. 




d) 


-{CH2)p-Het, 




e) 


-(CH2)p-C3-C7Cycloalkyl, 


10 


0 


R5O-(CH2)q-C(0)-, 




g) 


R5-CH2-0-C(0)-, 




h) 
i) 


R5-0-C(0)-, 
R5-(CH2)„-C(0)-. 




j) 


R5-(CH2VC(S)-, 


15 


k) 


R4N(R4)-(CH2VC(0)-, 




1) 


R5-S02-(CH2)q-C(0)-, 




m) 


R5-S02-(CH2)q-0-C(0)-. 




n) 


Rr(CH2)n-S02, 




0) 


Z-C{0)-CH(0H)-CH(CH2Ri)-C(0> 


20 


P) 


R5-(CH2)p CH=CH-(CH2)p-C(0)-, 




q) 


R5(CH2)p CH=CH-(CH2)p-0-C(0), 




r) 


R27(CH2)q-C(OK 




s) 


(OH)2(0)PO-aryl-(CH2)p-C(0>, 




t) 


(OH)2(0)PO-Het-(CH2)p-C(0)-, 


25 


u) 


aiyl-(Wi)j-(CH2)„-Wi-aryl-C(0K 




V) 


aiyl-W,-(CH2VWi-(CH2)^-C(0>, 




w) 


Het-(CH2)„-Wi-aiyl-C(0K 




X) 


Cj-Cg alkyl-CH(OH)-C(0)-, 




y) 


biotinoyi. 


30 


z) 


biotinoyl-NH-(CH2)q-C(OK or 




al) 


2-((4-([3aS-(3aa,4/3-6aa)]-lH-thieno-f3.4-d]iinidazoIe-2PH)-on-4yl)-pent-l- 
yl^W,-aryl-C(0^; 



wherein Cg is absent or a divalent moiety of the formula XLj, XL2, XL^, XL^^ or other 
amino acyl derivative; 
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5 




_ N CH2 C(0) 

XL2a 

15 

wherein D9 is Pro, absent or a divalent moiety of the formula XL3, XL^^, XL^b or other 
amino acyl derivative; 



R7 




30 XLzb 

wherein Ejo-Fj j is a divalent moiety of the formula XLg, XLg^. XLg^, XLg^, XLg^, H, m, 
IV, Xl^p, XLgq,, XLg^. XLg^, Hq,, V, Vp, VI or VD; 
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H CE2R1 



NH 



H OH H 



XL6 



H CB2R1 ,, 
H R 



11 



CH H 



HO H H R 

XL^c 



11 



"22 / 



24 
CH H 



H2K N H 




CH. 



HO H H K 



11 



XL6d 
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R1CB2 H F F 



0 0 

IV 



•NH 



H CH2R1 0 

H OH 5|2 

I 

0 =P OH 



OH 

XL, 



6p 



''23 



*22 / 

^CH H 0 



1^ 

0 HH Rji 

I 



0 =P OH 

I 

OH 



\ 



CH2 H 

0 Hh Rjj 

I 

0 =P 01 

I 

OH 



XL 



'6cp 



XL 



6ep 
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wherein Z is 

b) -N(R4)Ri4. 

c) C4-Cgcyclic amino, 

5 d) -NHR120. 

e) -NH-(CH2)r pyridine (N-oxide), 

f) Het bonded via a nitrogen atom, 

g) -NH(CH2)qNH-Het, 

h) 1 -amino indanyi optionally substituted at die 2- or 3- position by one or two 
10 hydroxy or -0C(0)CH3, 

l-amino-2,3-cyclicmonophosphate indanyi, or 
-NH-(CH2)q-CH=CH-(CH2)q-NH-Het; 

-(CH2)n-isopropyl, 
-(CH2)n-isobutyI, 
-(CH2)D-phenyl, or 

-CCH2)„-C3-C7cycloalkyl; 

hydrogen, 

20 b) Cj-Cjalkyl, 

c) aryl, 

d) C3-C7cycloalkyl, 

e) -Het, 

f) Cj-Cjalkoxy, or 
25 g) Ci-Cjalkylthio; 

wherein R2 is 

a) bydrogoi, or 

b) -CH(R3)R4; 
v/hecein R3 is 

30 a) hydrogen, 

b) hydroxy, 

c) Ci-C5alkyl, 

d) C3-C7qfdoaIkyl, 

e) aryl, 
35 f) -Het, 

g) Cj-Cgalkoxy, 



i) 
j) 

wherein R is 

a) 

15 b) 
c) 
d) 

wherein R] is 
a) 
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h) Gj-Gjalkylthioror 

i) -0P(0)(0H)2; 
wherein R4 at each occuirei^e is the same or different as is 





a) 


hydrogen, 


5 


b) 


C,-C5alkyl, 




c) 


-(CH2)p-aryl, 




d) 


-(CH2)p-Het, 




e) 


-(CH2)p-C3-C7cycloalkyl, or 




f) 


1- or 2-adamantyi; 


10 


wherein R5 is 






a) 


Ci-Cgalkyl, 




b) 


Cj-Cycycloalkyl, 




c) 


aryl, 




d) 


-Het, 


15 


e) 


5-oxo-2-pyrrolidinyl, 




0 


1 or 2-adaniantyl, 




g) 


-aryl-0P(0)(0H)2, or 




h) 


-Het-0P(0)(0H)2; 




wherein is 




20 


a) 


hydrogen. 




b) 


Ci-Csalkyl, 




c) 


-(CH2)p-aryl, 




d) 


-(CH2)p-Het, 




e) 


-(CH2)p-C3-C7cycloalkyl, 


25 


f) 


1- or 2-adamantyl, 




g) 


-(CH2)p-aryl-OP(0)(OH)2, 




h) 


-(CH2)p-Het-OP(0)(OH)2, or 




0 


-(CH2)p-OP(0)(OH)2; 




wherein is 




30 


a) 


hydrogen. 




b) 


Ci-Cjalkyl. 




c) 


-(CH2)n*bydroxy, 




d) 


amino C2-C4alkyl-, 




e) 


guanidinyl Cj-Cjalkyl-, 


35 


f) 


aryl. 




g) 


-Het, 



wo 92/17490 



-132- 



i) 
j) 
k) 

5 1) 
m) 
n) 
0) 
P) 

10 wherein Rg is 
a) 
b) 
c) 
d) 

15 e) 
f) 
g) 
h) 



methylthio, 

-{CH2)p-C3-C7Cydoalkyl, 
amino, 

-(CHjVCOOH, 
-(CH2)„-COOCi-C6 aikyl, 

-(CH2)n-CONR22R26' 
-(CH2)n-OP(0)(OH)2, 

-aryl-OP(0)(0H)2, or 

-Het-0P(0)(0H)2; 

hydrogen 

Ci-Csalky], 

hydroxy, 

aryl, 

-Het, 

guanidinyl C2-C3alkyl-, 
-(CH2)p-C3-C7Cycloalkyl, or 
-OP(0)(OH)2; 



wherein Rjg is 



20 



25 



a) hydrogen, 

b) Ci-Cjalkyl, 

c) -(CH2)nRi6. 

d) -(CH2)nRi7. 

e) C3-C7CycloalkyI, 

f) a pharmaceutically accq)table cation, 

g) -CH(25)-CH2-Ri5, or 

h) -CH2-CH(Ri2)-Ri5; 
R or -R2; 

who-ein R22 is -{CH2)n-Ri3; 



wherein Rji is 



30 wherein is 
a) 
b) 
c) 
d) 

35 e) 
t) 



aryl, 
amino, 

mono-, di- or tri-Ci-C3alkylamino, 
-Het, 

Ci-C5alkyl, 
C3-C7cycloaIkyI, 
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' g) 


Cj-Cfalkenyl, 




h) 
i) 


C3-C7cycloalk:enyl , 
hydroxy, , 




j) 


Cj-Cjalkoxy, 


5 


k) 


C2-C3alkanoyloxy, 




1) 


mercq)to, 




m) 


Cj-Cjalkylthio, 




n) 


-COOH, 




0) 


-CO-O-Ci-Cgalkyl, 


10 


P) 


-CO-0-CH2-(Ci-C3aikyl)-N(Ci-C3alkyl)2, 




q) 


-CO-NR22R26.- 




r) 


C4-C7cyclic amino. 




s) 


C4-C7Cycloalkylaniino, 




t) 


guanidyl, 


15 


u) 


cyano. 




V) 


N-cyanoguanidyl, 




w) 


cyanoamino. 




X) 


(hydroxy C2-C4alkyl)aniino, or 




y) 


di-(hydroxyC2-C4alkyI)amino; 


20 


wherein Rj4 is 






a) 


hydrogen. 




b) 


Cj-Cioalkyl, 




c) 






d) 


-(CH2VR19. 


25 


e) 


-CH(R25)-CH2-R,5. 




0 


-{CH2)q-CH(Ri2)-Ri5. 




g) 


Oiydroxy Cj-Cgalkyi), 




h) 
i) 


hydroxy Cj-Cg alkyl-aryl, or 
(Cj-Cj alkoxy) CjCg alkyl; 


30 


wiierein is 






a) 


hydroxy. 




b) 


C3-C7cycloalkyi, 




c) 


aryl. 




d) 


amino. 


35 


e) 


mono-, di-, or tri-C2-C3allcylamiiio, 




f) 


mono- or di-{hydroxy C2-C4alkyl)amino, 
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g) 


-Het, 




h) 


Ci-C3all9)xy-, 




i) 


Ci-C3alkanoyIoxy-, 




j) 


mercapto, 


5 


k) 


Ci-C3alkylthio-, 




1) 


Ci-C5alkyl, 




m) 


C4-C7cyclic amino. 




n) 


C4-C7cycloalkylaniino, 




0) 


C|-C5alkenyloxy, or 


10 


P) 


Cs-Cycycloalkenyl; 




wherein R|g is 






a) 


aryl. 




b) 


amino. 




c) 


mono- or di-(Ci-C3alkyl)amino, 


15 


d) 


hydroxy. 




e) 


C3-C7cycIoalkyl, 




f) 


C4-C7cydic amino, or 




g) 


C |-C3alkanoyioxy ; 




wherein is 




20 


a) 


-Het, 




b) 


Cj-C5alkenyl, 




c) 


C3-C7cycloaIkenyI, 




d) 


C2-C3alkoxy, 




e) 


merc2^to. 


25 


f) 


Ci-C3alkylthio, 




g) 


-COOH, 




h) 


^O-O-Ci-Cgalkyl, 




0 


-CO-0-CH2-(C2-C3aIkyl)-N(Ci-C3aIkyl)2, 




j) 


-CO-NR22R26' 


30 


k) 


tri-Ci-C3alkylamino, 




1) 


guanidyl. 




m) 


cyano. 




n) 


N-cyanoguanidyl, 




0) 


(hydroxy C2-C4alkyl)amiiio, 


35 


P) 


di-(hydroxy C2-C4alkyl)amino, or 




q) 


cyanoamino; 
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" wherein Rfg is 






a) 


amino, 




b) 


mono-, ordi-(Ci-C3aIkyl)amino, 




c) 


C4-C7cyclic amino, 


5 


d) 


C4-C7CycloaIkylamino, or 




e) 


-CH(NH2)(C02H); 




wherein R|9 is 






a) 


aryl. 




b) 


-Het, 


10 


c) 


tri-Ci-C3alkylamino, 




d) 


C3-C7cycloalkyl, 




e) 


C2-C5alk:enyl, 




f) 


C3-C7cycloalkenyi, 




g) 


hydroxy. 


15 


h) 


Cj-C3alkoxy, 




i) 


C|-C3alkanoyloxy, 




j) 


mercapto. 




k) 


C|-C3alkyithio, 




1) 


-COOH, 


20 


m) 


-C0-0-Ci-C<5aIkyl, 




n) 


-CO-0-CH2-(Ci-C3aIkyl)-N(Ci-C3alkyJ)2, 




0) 


-CO-NR22R26* 




P) 


guanidyl. 




q) 


cyano. 


25 


r) 


N-cyanoguanidyl, 




s) 


cyanoamino. 




t) 


(hydroxy C2-C4alkyl)amino, 




u) 


di-{hydroxy C2-C4alkyl)amino, or 




V) 


•SO3H; 


30 


wherein ^ 






a) 


hydrogen. 




b) 


Ci-C5alkyl, or 




c) 


aryl-Ci-C5aikyl; 




wherein R22. ^ 




35 


a) 


hydrogen, or 




b) 


Ci-C3alkyl; 
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wherein R23 is 






a) 


-(CH2)n-9H, 




b) 


-<CH2)„-NH2, 




c) 


aryl. 


5 


d) 


Ci-C3alkyl, or 




e) 


-(CH2)n-OP(0)(OH)2; 




wherein R24 is 






a) 


-Ri. 




b) 


-{CH2)n-OH, 


10 


c) 


-(CH2)„-NH2. or 




d) 


-(CH2)„-OP(0)(OH)2; 




wherein R25 is 








-(CH2)n'Rl3' 




b) 


hydrogen. 


15 


c) 


Ci-C3alkyl, or 




d) 


phenyl-Ci-C3alkyl; 




wherein R26 






a) 


hydrogen. 




b) 


Cj-Cjalkyl, or 


20 


c) 


phenyl-Ci-Cjalkyi; 




wherein R27 is 






a) 


-COOH. 




b) 


-COOCj-Cg alkyi. 




c) 


-CONR22R26' 


25 


d) 


-CH(NH2)C0OH, or 




e) 


hydroxy; 



wherein R^o ^31 together rq)resent a trimethylene or tetram^ylene group which is 
optionally substituted by hydroxy, alkoxycarbonylaxnino or acylamino or in which one -CH2- 
group is replaced by -NH-, -N(a]koxycarbonyl)-, -N(acyl)- or -S- or which carries a fused 
30 cycioalkane, aromatic or h^eroaromatic ring; 
wherein R220 is 

a) R,26C[(CH2)qORi2i]2(CH2)q-, 
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10 



-b) 




^128 



g) Ri2iOCH2-C(CH20Ri2i)2-; 
2S wherein Rj2i is 

a) hydrogen, 

b) Ci-CgalkyI, 

c) -(CH2)n-aryl, or 

d) -C(0)Ri23; 
30 wherein Rj23 is 

a) Cj-Cs alkyU or 

b) -(CH2)„-phenyl; 
wherein Rj25 is 

a) hydrogen, or 

35 b) (CH2)„ORi2i; 

wherein R]2g is 



XXX 



XXXI 



^CCH0Ri2i), 
0 CH-(CH0Ri2i)t 

CH2- 

d) -CH2(CHORi2i)xCH20Ri2i, 
15 e) Ri2lOCH2(CHORi2i)yCH-(CHORi2i)2CH20Ri2i, 



*) I ^ XXXn ,or 



20 



wherein Q is 

a) CH2, 
5 b) CHOR121, or 

c) C(0); 
wherein Wj is 

a) -O, or 

b) -Ss 
10 wherein j is zero or one; 

wherein m is one to three, inclusive; 

wherein for each occurrence n is mdq)endently an integer of zero to six, inclusive; 

wherein p is zero to two, inclusive; 

wherein q is an integer of one to six, inclusive; 
15 wherein r is zero to five, inclusive; 

wherem s is an integer of zero or one so that the sura of u plus v plus s is three or four; 

wherein t is an integer of zero to three, inclusive; 

wherein u is an integer of zero to three, inclusive; 

wherein v is an integer of zero to four, inclusive; 
20 wherem w is an integer of two or three; 

wherein x is an integer of two to seven, inclusive; 

wherein y is an intega: of zero to six, inclusive; and 

wherein z is an integer of zero to six so that the sum of y plus z does not exceed six; 
wherein aryl is phenyl or naphthyl substituted by zero to three of the following: 



25 


a) 


Ci-C3alkyl, 




b) 


hydroxy, 




c) 


Ci-C3alkoxy, 




d) 


halo, 




e) 


amino, 


30 


f) 


mono- or di-Cj-C3alkylaraino, 




g) 


-CHO, 




h) 


-COOH, 




i) 


COOR26, 




j) 


CONHR26, 


35 


k) 


nitro. 




1) 


mercapto. 
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Ci^aJkylthio" 


n) 


Cj-Cjalkylsulfinyl, 


o) 


Cj-C3alkylsulfonyl, 


P) 


-N(R4)-Ci-C3alkylsulfinyl, 


q) 


-SO3H, 


r) 


SO2NH2, 


s) 


-CN. 


t) 


-CH2NH2, 


u) 


-0[(CH2)20]qCH3, 


V) 


-[0-{CH2)2]q-OCH3, 


w) 


-[0-(CH2)2]q-NR22R26. 


X) 


-[0-(CH2)2]q-Het, or 


y) 


-0-C(0)-Ci-C3 alkyl; 



wterein -Het is a 5- or 6-membered saturated or unsaturated ring containing from one to three 
15 heteroatoms selected from the group consisting of nitrogen, oxygen, and sulfur; and including 
any bicyclic group in which any of the above heterocyclic rings is ftised to a benzene ring or 
another heterocycle and the ring may be connected through a carbon or secondary niuogen in 
the ring or an exocyclic nitrogen; and if chemically feasible, the nitrogen and sulfur atoms may 
be in the oxidized forms; and substituted by zero to three of the following: 



a) 


Ci-C5alkyl, 


b) 


hydroxy. 


c) 


hydroxy (Ci-Cjalkyl), 


d) 


halogen. 


e) 


amino. 


f) 


amino (Cj-Csalkyl), 


g) 


-CHO. 


h) 


-CO2H, 


i) 


-COj-CCi-Cjalkyl). 


j) 


-CONH2, 


k) 


-C0NH-<Ci-C5alkyl), 


I) 


nitro. 


m) 


mercapto. 


n) 


mercspto (Cj-Csalkyl), 


0) 


-SO3H, 


P) 


-SO2NH2, 


q) 


-CN, 
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r) -aCj-Cjalkyl, or 

s) -[0-(CHj)2]q-OCH3; 
and pharmacologically acc^table salts thereof; 
with the provisos that: 
5 1) at least one phosphate group must be present; and 

2) no more than three phosphate groups are present. 



2. Hie compound of claim 1 

wherein Ejq-Fji is a divalent moiety of the formula XLg', XLgj,', XL^^.', XLgd', 
10 XLfi,'. n', m', IV. XI^p', XL^^', XLg^p'. XL^^-, n^', V or Vp; 

0 

H CH2h 




/ 



R1CB2 



NH 



/'H OH j| 




HO H H R 



11 



II 



/ 



h^2^ ,"h oh 



NI 




CH,OH 



HO Hfl 
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H CHoR, R3n/31 

— NB 

Y 



30 _>rHX^/cH 
/ -CH ^ 0 0 



HO_p=:0 

1 OH 0 OH 



V 



Vp 



wherein the variables are as defined in claun 1. 

10 

3. The compound of claim 1 

wherein Xj is 

a) 2-pyridmyl-carbonyI, 

b) 3-pyridinyl-CH=CH-carbonyl, 
15 c) 3-pyridinyI-(CH2)2-carbonyl , 

d) (3-pyridinyl)methoxycarbonyI, 

e) 2-[2-(2-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl, 

f) (2-pyridinyl)methoxycarbonyi, or 

g) (4--pyridinyl)niethoxycarbonyl ; 
20 wherein Cg is absent; 

wherein D9 is absent; 

wherein Ejq-Fu is 5-amino-6-cyclohexyl-4-(0-phosphoryl)-2-isopropylhexanoyi or CVP; 
wherein G22 is He or absent; 
wherein Z is 
25 a) 2-(aminomethyl)pyridine, 

b) 2-(an]inomethyl)benzimidazoie, or 

c) l-aniino-2^ydroxy-indane; 

4. The compound of claim 3 wherein the compound is selected from the group 

30 consisting of: 

Nj,-[(2S,4S,5S>5-[N-<2-PyridinykarbonyI)amino]-6-cyclohexyl-4-(Oi)h^ 
isopropyl-l-oxohexylJ-N-(2-pyridinyImethyl)-L-isoleucinamide, hydrochloric acid salt or 2- 
Pyridinylcarbonyl-(OP03H2)CVA-Ile-Amp; 

N^-[C2S,4S4S>54N-(2-Pyridinylcarbonyl)ammo}-6-cyclohexyl-4-(C^phos^^ 
35 isopropyl-l-oxohexyI]-N-^-pyridniylmethyl)-L-isoieucmamide trifluoroacetic acid salt or 2- 
PyridmylcarbonyKOP03H2)CVA-Ile-Amp; 
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^N^-[(2S.4S;5S)-54N42K3-Pyridinyl)e^^^ 

phosphoryl>2-isopropyI-lK)XOhexyl]-N-(2-pyridinylmethyl)-L-isoleucina^ hydrochloric acid 
salt or 3-Pyridinyl-CH = CH-^(0)-COP03H2)CVA-IIe-Amp; 

N^-[(2S,4S,5S)-5-[N-[2-(3-PyridinyI)-ethylcarbonyI]amino}-6-cyclohexy 
5 phosphoryl>2-isopropyl-lK)xohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide, hydrochloric acid 
salt or 3-Pyridinyl-(CH2)2-C(O)-(OP03H2)CVA-Ile-Amp; 

Na-[(2S,4S,5S)-5-[N-{2-PyridinyIcarbonyl)amino]-6-cycIohexyI-4-(OphosphoryI)-2- 
isopropyI-lK)xohexyI]-N-(2-ben2imidazolyimethyl)-L-isoIeucinamide, trifluoroacetic acid salt or 
2Py CO CVP He Amb; 

10 N-[(2S,4S,5S)-5-[N-[2-(3-Pyridinyl)ethenylcarbonyl]ainino]-6-cyclohexyI-4-(0- 
phosphoryl)-2-isopropyM-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-indany]]amine or 3Py 
CH=CHCOCVPAhi; 

N-I(2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-(0-phosphoryl)-2- 
isopropyM-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-indanyl)aniine, trifluoroacetic acid salt or 2Py 
15 CO CVP Ahi; 

NQ^{(2S,4S,5S>5-[N-[(3-Py^id^^yl)methoxyca^bonyl)amino]-6-cyclohexyI^(0- 
phosphoryl)-2-isopropyl-lK)xohexyl]-N-(2-ben2imidazolylmethyl)-L-isoleucinaniide, 
trifluoroacetic acid salt or 3Poc CVP He Amb; and 

Na-[(2S,4S,5S>-5-[N.r2-[2-[2-(2-Methoxyethoxy)ethoxy]ethoxyIphenylcarbonyl] 
20 amino]-6-cyclohexyl-4KO-phosphoryl)-2-isopropyl-lK)xohexyl]-N-(2-benzm 
isoleucinamide or Mee CVP He Amb. 



S. The compound of claim 1 

wherein is 
25 a) naphthyloxyacetyl, 

b) des-amino-tyrosine (OPO3H2), or 

c) ((5-(3,6,9,12,15-pentaoxa-hexadec-l-yl)oxy)naphthalea-l-yl)oxyac^l; 
wherein Cg is absent; 

wherein D9 is 

30 a) His, 

b) O-phosphoryl-threonyl, 

c) O-phosphoryi-seryl , 

d) Thr, or 

e) Val; 
35 wherein Ejq-Fjj is: 

a) 5-amino-6-cycIohexyI-3, 4-0, O-hydroxyphosphoryl-2-isopropyI-hexanoyl, 
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b) 
c) 
d) 

(OP03H2)CVA; 

wherein Gj2 >s: 
a) 
b) 
c) 

wherein Z is: 
a) 
b) 



5-ammo-6-cyclohexyl-4-hydroxy-2-isopropyl-hexanoyl or CVA, 
5-amino-6-cyclohexyi-3, 4-dihydroxy-2-isopropyl-hexanoyl or CVD, or 
5-ainino-6-cyclohexyl-4-(0-phosphoryl)-2-isopropylhexanoyl or 



He, 

0- phosphoryl-seryl, or 
absent; 

2-(aminomethyI)pyridine, 

1- anuno-2-hydroxy-indane, or 



c) 2-(aminoniethyI)-ben2imidazole; 



6, The compound of claim 5 wherein the compound is selected from the group 

15 consisting of: 

l-Naphtfaoxyacetyl-L-histidyl-5S-amino-6-cyclohexyl-3R,4R-0,0-hydroxyphos- 
phoryl-2R-isopropyl-bexanoyl-L-isoleucyl-2-pyridylmethylamide; 

l-Naphthoxyacetyl-L-histidyl-5S-amino^yclohexyI-4S-hydroxy-2S-isopropyl- 
hexanoyl-0-phosphoryl-L-seryI-2^yridyImethylamide; 
20 Noa-0-P03K2-Thr-CVA-Ile-Amp; or 1-naphthoxyacetyl-O-phosphoryl-L-threonyI- 

5S-amino-6-cycIohexyMS-hydroxy-2S-isopropyI^iexanoyI'L-isoleucyl-2-aminomethylpyri^ 
dipotassium salt; 

Noa-0-P03K2-Ser-CVA-Ile-Amp; or l-naphthoxyacetyl-0-phosphoryl-L-seryl-5S- 
amino-6-cyclohexyl-4S-hydn)xy-2S-isopropyl4iexanoyl-L-isoleucyI-2-aminomethylpy^^^ 
25 dipotassium salt; 

Dat(0-P03H2)-His-CVA-Ile-Amp or 3-(<>phosphoryl-4'OH-phenyl)-butyryI-L- 
histidyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyI'L-isoleucyl-2- 
aminomethylpyridine; 

N^-[(2S,4S4S)-5^N-[N„-(l-Naphthalenyloxyacetyl)-L-histidyl]aram^^ 
30 cyclohexyl-4^0-phosphoryI)-2-isopropyI-lK)xohexyl]-N-(2i)yridinylme&^ 
trifluoroacetic acid salt or NOA-His-<OP03H2)CVA-Ile-Amp; 

((5-(3,6,9,I2,15-pentaoxa'4iexdec-l-yl)oxy)naphthalen-l-yl)oxyacetyl-0-phosphoryl- 
L-threonyI-5S-amino-6-cyclohexyl-3R,4RKlihydroxy-2R-isopropyl-hexanoyl-L-isoleucyl-2 
aminomethylpyridine, dipotassium salt; or 5-PentaegNoa-OP03K2-Thr-CVD-Ile-Amp; 
35 ((5-(3,6,94245l)entaoxa-4exdec-l-yl)oxy)napbthaIen-l-yl)oxyacetyl^ 
L-threonyl-5S-amino-6Kgrclohexyl-3R,4RKiihydroxy-2R-isopropyl4iexanoyl-L-i^^ 
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aminomethylbenzimida^le. dip^ium sait"; or S-PaitaegNoa^POaKj-nir^CVD-Ile-Amb; 

((5-(3,6.9.12.15-pentaoxa-hexdec-l-yI)oxy)naphthalen-l-yI)oxyacetyl-0-phosphoryl- 
L-threonyl-5S-amin()-6s7clo^exyl-3R,4R^ihydroxy-2R-isopropyl-hexanoyl-IS-amino^^ 
hydroxy-indane, dipotassium salt; or 5-PentaegNoa-OP03K2-Thr-CVD-Ahi; 

5 <l-°^''*o^y)acetyl-Q-phosphoryl-L-threonyl-5S-amino-6-cycIohexyl-3R.4R- 

dihydroxy-2R-isopropyl-hexai,oyI-L-isoleucyl-2-an,inoinethylpyridine, dipotassium salt; or Noa- 
OP03K2-Thr-C VD-Ile-Amp ; 

(l-naphtiioxy)acetyl-aphosphoryI-L-threonyl-5S-ainino-6^^clohexyl-3R,4R- 

dihydroxy-2R-isopropyl-hexanoyl-L-isoleucyI-2-aniinomediylbei,zimidazole, dipotassium salf or 
10 Noa-OP03K2-Tlir-CVD-ne-Amb; and 

(l-naphthoxy)acetyl-Oijhosphoryl-L-threonyl-5S-amino-6H:ycIohexyl.3R,4R- 

dihydroxy-2R-isopropyl-hexanoyl-lS-amino-2R-hydroxy-indane. dipotassium salt; or Noa- 
OP03K2-Thr-CVD-Ahi. 



20 



25 



^- A compound selected from die group consisting of: 

Nar-I(2S, 4S, 5S>5-rN-(3-Indolymethylcarbonyl)amino]-6-cyclohexyl-4-hydroxy-2- 

isoprt)pyl-l-oxohexy!]-N-{2-pyridinylmethyl)-L-isoIeuciiiamide; or 3-IndolyI-CH2-C(0)-CVA- 
ne-Anq); 

Na-[(2S. 4S, 5S>5-[N-(2-Indolycarbonyl)amino]-6<yclohexyl-W,ydroxy-2- 

isopropyl-l-oxohexyI]-N-(2-pyridinylmethyl)-L-isoIeucinamide;or2-Indolyl-C(0)-CVA-Ile- 
Amp; 

Na-f(2S. 4S. 5S)-5-rN-[t2-{3-Indoly)ediyl]carbonyl]amino]-6-cyclohexyl-4-hydroxy- 

2-isopropyl-l-oxohexyl>N-(2-pyridinylmethyl)-L-isoleucinamide;or3-Indolyl-(CH2)2-C(0)- 
CVA-De-Amp; 

Nq(-[(2S, 4S, 5S)-5-IN-(2-PyridinylcarbonyI)amino]-6-cyclohexyI^hydroxy-2- 

isopropyl-l.oxohexyIJ-N-(2-pyridinylmediyl)-L-isoIeucinamide;or2-PyridinyI<:^^^ 
Amp; 

Na-((2S. 4S, 5S^5-[N-(3-PyridinylmethylcarbGnyl)amino]-6K:yclohexyI-4-hydroxy- 

2-isopropyl-lK)xohexyI]-N-a-pyridinylmethyl>L-isoIeucinamide;or 3-Pyridinyl-CH2C(0)- 
30 CVA-De-Anq); 

Na-[(2S, 4S, 5S)-5-[N-[(S)-Acetoxybenzylmediylcarbonyl]amino]-6-cyclohexyl-4- 

hydroxy-2-isoprDpyI-l.oxohexylI-N-(2-pyridinylmediyl>L-isoleucinamide;or(S)-aAcetyW 
phenyllactyl-CVA-De-Amp; 

Na-[(2S, 4S. 5S)-5-[N-{2-(3-PyridinyI)ethenylcarbonyl]amino]-6-cyclohexyl-4- 
35 hydroxy-2-isoprx)pyl-l-oxohexylJ-N-(2-py^idinylmethyl^L-isoleucinamide; or 3-Pyridiny!- 
CH=CHC(0)-CVA-Ile-Amp; 
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Nof-[(2S, 4S, 5S)-5-fN-f2-(3-Pyridinyl)ethylcarbonyl)ainino]-6-cycIohexyl-4-hydroxy- 
2-isopropyl-l-oxohexyl]-N-p-pyridinylmethyI)-L-isoleuciiiamide; or 3-Pyridinyl-{CH2)2-C(0)- 
CVA-Ile-Amp; 

Na-[(2S, 4S, 5S)-5-[N-(4-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-hydroxy-2- 
5 isopropyl- 1 -oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 4-Pyridinyl-C(0)-C VA-Ile- 
Amp; 

Na-[(2S, 4S, 5S)-5-[N-(4-Quinolinykarbonyi]amino]-6-cyciohexyl-4-hydroxy-2- 
isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleuciiiamide; or 4-Qumolmyl-C(0)-CVA-IIe- 
Amp; 

^0 Na-[{2S, 4S, 5S)-5-IN-(3-QuinoIinylcarbonyI)aminoJ-6-cyclohexyl-4-hydroxy-2- 

isopropyI-lK)xohexyl]-N-(2-pyridinyIinethyl)-L-isoleucinamide; or 3-Quinolinyl-C(0)-CVA-Ile- 
Amp; 

Na-[(2S , 4S , 5S)-5-fN-(3-Pyridinylcarbonyl)amino]-6-cyclohexyl-4-hydroxy-2- 
isopropyl-1 -oxohexyl]-N-(2-pyridinyln3ethyl)-L-isoleucinamide; or 3-Pyridinyl-C(0)-C VA-IIe- 
15 Amp; 

Na-[(2S, 4S, 5S)-5-[N-(2-Pyrroiylcarbonyl)amino]-6-cyclohexyl-4-hydroxy-2- 

isopropyl-l-oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide; or 2-Pyrrolyl-C(0)-CVA-Ile- 
Amp; 

Nof-[(2S, 4S, 5S)-5-[N-(y-L-Glutamyl)amino]-6-cycIohexyl-4-hydroxy-2-isopropyl-l- 
20 oxohexyl]-N-(2-pyridinylmethyl)-L-isoleucinamide, trifluoroacetic acid salt; or 7-GIutainyl- 
CVA-Ile-Amp; 

Na-[(2S, 4S, 5S)-5-[N-(SuccinoyI)amino]-6-cyciohexyl-4-hydroxy-2-isopropyI-l- 
oxohexyl]-N-(2-pyridmylmethyl)-L-isoleucmainide, trifluoroacetic acid salt; or 1102^(^2)2- 
C(0)-CVA-Ile-Amp; 

25 Nq!-[(2S, 4S, 5S)-5-[N-(2-Pyridinylcarbonyl)aniino]-6-cycIohexyl-4-hydroxy-2- 

isopropyM-oxohexyl]-N-(2-<2, 4-diamino-6-pyrimidinyiamino)ethyI]-L-isoleucinainide; or 2- 
Pyridinyl-C(0>CVA-Ile-NH(CH2)2-NH-2,4Kiiamino-6-p^ 

Na-[(2S, 4S, 5S)-5-[N-(7-L-Glutaryl)amino]-6-cyclohexyl-4-faydroxy-2-isopropyI--l- 
oxohexyl]-N-(2-pyridinylmethyI>L-isoieucinamide, trifluoroacetic acid salt; or 1102^(^^2)3- 

30 C(0)-CVA-Ile-Amp; 

Na-I(2S, 4S, 5S>5-[N-(2-Pyridinyicarbonyl)amino]-6-cyclohexyl-4-hydroxy-2- 
isopropyl- lK)xohexyl]-N-[2-(2-pyridinylamino)ethyl)-L-isoleucinamide; or 2-Pyridinyl-C(0)- 
GVA-Ile-NH(CH2)2-NH-2-pyrinidinyI; 

Hydroxyacetyl-5S-aniino-6-cyclohexyl-3R, 4R-dihydroxy-2R-isopropyl-hexanoyl-L- 
35 isoleucyl-2-pyridyImediylaimde; or (HO)Ac-CVD-Ile-Amp; 

L-GIycyl-5S-amino-6-<:yclohexyl-3R, 4R-dihydroxy-2R-isopropyl-hexanoyl-L- 
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is6leucyl-2-pyrid)^inethylainlde: or Gly^^^ 

Hydroxyacetyl-5S-amino-2R-beiizyl-6-cyclohexyI-3R, 4R-dihy<lroxy-hexanoyl-L- 
isoleucyl-2-pyridylmethylamye; or (HO) Ac-CPD-Ile-Amp; 

HydroxyacetyI-5S-ainino-2R-beiizyl-6-cyclohexyI-3R. 4R-dihydroxy-hexanoyl-L- 
5 isoIeucyl-2-pyridylmethylamide N-oxide; or (HO) Ac-CPD-De-Amp-NO; 

L-Glycyl-5S-ainino-2R-benzyl-6-cycIohexyl-3R,4R-dihydroxy-hexanoyI-L-isoleucyl- 
2-pyridylmethylainide: or Gly-CPD-Ile-Amp; 

l-AdamantanecarbonyI-5S-amiiio-6-cyclohexyl-3R,4R-<lihydroxy-2R-isopropyI- 
hexanoyl-L-isoleucyl-2-pyridylmethyIainide; or 1-AdamantanecarbonyI-CVD-Ile-Amp; 
0 Cyclohexanecarbonyl-5S-aniino-6-cyclohexyI-3R, 4R-dihydroxy-2R-isopropyl- 

hexanoyI-L-isoleucyl-2-pyridylmethyiamide; or Cyclohexanecarbonyl-CVD-De-Amp; 

3R-Quinudidineaminocarbonyl-5S-aniino-6-cyclohexyl-3R,4R-dihydroxy-2R- 
isopropyl-hexanoyI.L-isoleucyl-2-pyridylmethylainide; or 3R-QuinucIidineaminocarbonyl-CVD- 
De-Amp; 

5 3S-Quinuclidineaininocarbonyl-5S-ainino^yclohexyl.3R, 4R.daydroxy-2R- 

isopropyI-hexanoyl-L-lsoleucyl-2-pyridyImethylamide;or 3S-Quinuclidineaminocarbonyl-CVD. 
He-Amp; 

N-(4-Quinolinyl)oxyacetyl-5S-aniiiK)-6-cyclohexyMS-hydroxy-2S^ 
hexanoyl-L-isoleucyl-2-pyridylmethylainide; or (4-QuinolinyI)oxyacetyI.CVA-Ile-Ainp; 
• N-<5.QuiiJolinyl)oxyacetyI-5S-amino^dohexyl-4S-hydroxy-2S-isoptopyl- 
hexanoyl-L-isoleucyl-2-pyridylmethylamide; or (5-QuinoIinyl)oxyacetyl-CVA-Ile-Amp; 
Ac-CVA-Ile-S-aminoquinoIine; 
Hexanoyl-CVA-ne-Amp; 
Ac-CVA-Val-Amp; 

Ac-CV A-Ue-aminomethyi-benzimidazole; 

Na-[(2S,4S,5S)-5-[N-[2-(3.Pyridinyl)ethenylcarbonyI]ainino]-6-cyclohexyI-4- 

hydroxy-2-isopropyl-l-oxohexyl]-N-(2-a-pyridinylainino)etfiyl]-L-isoieuciiiam 
CH=CHCO CVA lie NH(CH2)2NH 2Py; 

Naf-[(2S,4S4S)-5-IN-(2-PyridinylcarbonyI)ainiiio]-6-cyclohexyl-4-liydroxy-2- 

isopxDpyI-l-oxohexyl]-N-(2-benzmudazolylmethyl>-L-isoleudnainide; or 2Py CO CVA Ue 
Amb; 

Nof-I(2S,4S^S)-5-[N-<2-Pyridinylcarbonyl)amiiio]-6-cydohexyI-4-hydroxy-2- 

isoprDpyl-l-oxohexyl]-N-[(2-hydroxy-2-phenyl)ethyl]-L-isoleucinamide; or 2Py CO CVA He 
Hpa; 

Na!-[(2S,4S,5S)-5-fN-r2-(3-Pyridinyl)ethenylcarbonyl]amlno]-6-cydohexyI^ 
hydroxy-2-isopropyl-l-oxohexyI]-N-(2-benzimida2olyIinediyl)-L-isoleucinamide; or 3Py 
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CH=CHCO CVA lie Amb; 

Na-[(2S,4S,5S)-^-[N"[(3-PyridinyI)methoxycarbonyI]amino]-6-cyd 
2-isopropyl-lK)xohexyl]-N-(2-benziinidazolylmethyl>L-isoleucinamid^ or 3Poc CVA He Amb; 

N-[(2S,4S,5S)-54N-I2K3-Pyridinyl)ethenylcarbonyl]amiiK)]-6-cyclohexy^ 
5 2-isopropyl-lK)xohexyl]-N-[(lS,2R)-2-hydroxy-l-indanyI]amine; or 3Py CH=CHCO CVA Ahi; 

NQ;-[(2S,4S,5S)-5-[N*{(4-Pyridinyl)methoxycarbonyl]ainino]-6-c^ 
2-isopropyl-lK)xohexyl]-N-(2-ben2imidazolylm^yl>L-isoleuciiiam or 4Poc CVA He Amb; 

Nof-[(2S,4S,5S>5-[N-(2-Pyridinylcarbonyl)amino]-6-cyd^ 
isopropyI-l-oxohexyl]-N-[4-[(3-iiitrcH2i)yridinyl)ammoJ-2-but^^^^ or 2Py 

10 CO CVA Be Npb; 

Na-[^,4S^S)-5-[N-p-PyridinylcarbonyI)ammo]-6-cycIohexyl-4-^ 
isopropyl-l-oxohexyI]-N-[4-[(3-amiiK>-2-pyrldinyl)amino]-24)utenyI]i^ or2Py 
CO CVA He Apb; 

Na-[{2S,4S,5S)-5-[N-[(2-Pyridinyl)methoxycarbonyl]ammo]-6-cyclohexyl^^ 
15 2-isopropyl-l-<)xohexyl]-N-(2-ben2imidazolylmethyI)-L-isoleucin^ or 2Poc CVA He Amb; 
Na4C2S,4S,5S)-5-[N-(2-Pyridinylcarbonyl)amino]-6-cyclohexyI^^ 

isopropyI-lK)xohexyl]-N-[2-[(3-mtro-2-pyridinyl)amiiK)]etfiyl]-L-iso or 2Py CO 

CVA He Npe; 

Na-[{2S,4S,5S)-5-[NK2"PyridinyIcarbonyl)amino]-6-cydohexyl-4-h 
20 isopn)pyl-lK)xohexyIJ-N-[2-[(3-amino-2-pyridinyl)amino]efliyI]-L^^^^ or 2Py CO 

CVA He Ape; 

N-[(2S,4S,5S)-5-[N-(2-PyridmylcarboDyl)amino]-6-cydohexyl-4-hy 
isopropyl-iK)xohexyl]-N-[(lS,2R)-2-acetoxy-l-indanyI3amme; or 2Py CO CVA Aai; 

N-[(2S,4S^S>5-[N-(2-PyridinyIcarbonyl)aminol-6-cydohexyl-^ 
25 isopropyl-l-oxohexyl]-N-[(lS,2R)-2-hydroxy-l-iiidanyl]amine; or 2Py CO CVA Ahi; 

N-I(2S,4S,5S)-5-[N-(2-Pyridmylcarbonyl)aminoJ-6<ydohexyl-^^ 
isopropyl-lH)xohexylJ-N-[4-[(3-nhn}-2-pyridmyI)amiiio]-2-bu^ or 2Py CO CVA 

Npb; 

N-[pS,4S4S>5-(N-[(3-Pyridinyl)methyoxycarbonyi]ammo]-6-cyc^ 
30 2-isopropyl-l-oxohexyl]-N-[(lS,2R)-24iydroxy-l-indanyl]amine; or 3Poc CVA Ahi; 

N-[(2S,4S,5S>54N-[(2-PyridinyI)methoxycarbonyl]amino]-6<ydohexy 
2-isopropyW-oxohexyI]-N-[(lS,2R>2-hydroxy-l-indanyl]amme; or 2Poc CVA Ahi; 

rm-butyloxycarfaonyl-5S-amino-6-cydohexyMS-hydroxy-2S-isopropyl-hexano^^ 
threonyl-2-aminomediylpyridine; or Boc-CVA-Thr-Amp; 

35 fm-butyloxycarbonyl-5S-amino-6-cydohexyI-4S-hydroxy-2S-isopropyl-h^ 
seryl-2-ammomethyIpyridine; or Boc-CVA-Ser-Anq); 
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2-acetoxybenzoyl-5S-amino^cycloh©cyM 
isoleucyl-2-ainmomethylpyridine; or Acb-CVA-Ile-Amp; 

24iydroxybenzoyU5S-amino-6<yclohexyl-4S-hydroxy-2S-isopropyl-h^^ 
isoIeucyl-2-aminoiDediylpyridine; or Hyb-CVA-Ile-Amp; 

5 2-[(2-phenoxy)ethoxy]ben2oyI-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R- 
isopropyl"hexaiK)yI-L-isoIeucyl-2-aminomethylpyridine; or Peb-CVD-Ile-Amp; 

Na[(2S,4S,5S)-5-[N-[2-(2-{2-(2"methoxyethoxy)ethoxy]ethoxy]phenyl- 
carbonyl}ainino}-6Hgrclohexyi-4-hydroxy-2-isopropyl-l-oxohexyl]-N^ 
L-isoleucinamide or Mee CVA Le Amb; 

10 24(2i)henoxy)ethoxy]benzoyl-5S-amiiK)-6<yclohexyI-3R,4R^ 

isopropyl-hexanoyl-L-isoleucyl-2-aminomethylbenzimidazole; or Peb-CVD-He-Amb; 

2-((2-phenoxy)ethoxy]benzoyl-5S-ainino-6-cyclohexyI-3R,4R-dihydroxy-2R- 
isopropyl-hexanoyl-L-isoleucyl-rm-butylmethylamine; or Peb-CVD-De-Tma; 

2-I(2-phenoxy)^oxy]benzoyl-5S-aramo-6-cyclohexyI-3R,4R-<lihydroxy-2R- 
15 isopropyI-hexanoyl-2-aininomethylbenziniidazole; or Pd>-CVD-Amb; 

4-methyl-2-I(2-phenoxy)ethoxy]ben20yI-5S-amino-6-cycIohexyl-3R,4R-dihydroxy-^ 
isopropyl-hexanoyI-L-isoleucyl-2-ammomediyIbenziiiiidazole; or Mpb-CVD-Ile-Amb; 

2-[(phen3dthio)methoxyJben2oyl-5S-amino-6-cyclohexyl-3R,4R-dih 
isopropyi-hexanoyl-L-isoleucyl-2-aminomethylbenzimida2ole; or Ptb-CVD-IIe-Amb; 
20 3-[(2-phenoxy)edioxy]propionyl-5S-amino-6<yclohexyl-3R,4R-Jihydroxy-2R- 
isopropyl-hexanoyI-L-isoleuc7l-2-aminomethyibenziim or Pq)-CVD-Ile-Amb; 

2-[2-(2-(2-methoxy)ethoxy)ethoxy)ethoxy]benzoyl-5S-amino-6-cyclo 

dihydroxy-2R-is<5)ropyl-hexanoyl-L-isoIeucyI-2-aminomethylbenzimidazol^ or Mee-CVD-IIe- 
Amb; 

25 2-[(2-methoxy)ethoxy)benzoyl-5S-amino-6-cyclohexyI-3R,4R-dihydro 
isopropyl-hexanoyl-L-isoleucyl-2-aininomethylben2iinidazole; or Meb-CVD-ne-Anib; 

2^2-<2-methoxy)edioxy)ethoxy]beiizoyl-5S-amino-6-cydohexyl-3^ 
isopropyl-hexanoyl-L-isoIeucyl-2-minomahylbenzimida2ole; or Mtb-CVD-Ile-Amb; 
2-[(2i)henoxy)ethoxy]ben2oyl-5S-ainino-6Hqrdohexyl^-faydroxy 
30 hexanoyl-L-isoleucyl*2-aminomethylbenziniida2ole; or Pd)-CVA-IIe-Amb; 

hydroxyacetyl-5S-aniino-6-cycIohexyl^-hydroxy-2S-isopropyI-hexanoyl-L-^ 
2-aminomethyIbenziiiiidazole; or Hydroxyac^l-CVA-Ile-Amb; 

24iydroxy-3-methylbutryl-5S-amino-6-cyclohexyI-4S4iydn)xy-2S 
L-isoleucyI-2-aminomethylben2iniidazole; or Hmb-CVA-Ile-Amb (less polar isomer); 
35 24iydroxy-3^ediylbutryl-5S-amiiio-6-cyclohexyMS4iydroxy-2S-isopropyl-hex^^ 
L-isoleucyl-2-anunomethyIbenziinidazole; or Hmb-CVA-Ue-Amb (more polar isomer); 
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3K4-hydroxyphenyl)-butyryl-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyl-L-isoleucyl-2-arainomediylpyridine; or Dat-CVA-IIe-Amp; 

4-hydroxyphenylacetyl-5S-amiiio-6-cyclohexyMS-hydroxy-2S-isopropyl-hexanoyI-L 
isoleucyl-2-aininoniethylbenzimidazole; or 4-Hpa-CVA-Ile-Amb; 

5 2-hydroxyphenylacetyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L 
isoIeucyl-2-aminomethylbenziinidazole; or 2-Hpa-CVA-Ile-Amb; 

3-hydroxyphenylacetyI-5S-ainino-6-cyclohexyMS-hydroxy-2S-isopropyl-hexanoyl-L 
isoleucyl-2-aminomethyIbenziinidazole; or 3-Hpa-CVA-Ile-Amb; 

3-(4-hydroxyphenyl}-butyryl-5S-amino-6-cyclohexyMS-hydroxy-2S-JSopropyl- 
10 hexanoyl-L-isoleucyl-2-aminoniethylbenziinida2ole; or Dat-CVA-Ile-Amb; 

3-(4-hydroxyphenyI)-butyryl-5S-amino-6-cycIohexyl-3R,4R-dihydroxy-2R-isopropyI- 
hexanoyl-lS-aniino-2R-hydroxy-indane; or Dat-CVD-Ahi; 

2-((3-(4-(3,6,9-trioxadec-l-yloxy)phenyl)prop-l-yI)oxy)benzoyl-55ainino-6- 
cyclohexyl-3/f,4i?Hlihydroxy-2/?-isopropyl-hexanoyI-L-isoIeucinyl-2-aminomethylpyr^^ 
^5 2-[(2-phenoxy)ethoxy]benzoyI-55-amino-6-cyclohexyI-3i?,4/?-dihydroxy2/?-isopropyI- 
hexanoyl-L-isoleucinyl-l-aminoethyI(4-inethylthiazole); 

2-(2-(4-methyithiazoI-5-yl)ethyl)oxy)benzoyl-55-amino-6-cydohexyI3/?,4;?^ 
dihydroxy-2/?-isopropyl-hexanoyl-L-isoleucinyl-2aminomethylpyridine; 

2-{2-{4-methyithiazol-5-yl)ethyl)thio)ben2oyl-55-amino-6cydo 
20 dihydroxy-2i?-isopropyI-hexanoyl-L-isoleucinyI-2aininoinethylpyridine; 

2-(2-(4-methylthia2ol-5-yl)ethyl)oxy)ben2oyI-55-amino-6-cyclofaexyl3^ 
dihydroxy-2/?-isopropyl-hexanoyl-L-isoleudnyl-l-aminoethyl(4methylthia^^ 

2-(2-(4-methylthia2ol-5-yl)ethyl)thio)ben2oyl-55-amino-6cydohexyI-3/?,47?- 
dihydroxy-2/?-isopropyl-hexanoyl-L-isoleucinyl laniinoethyl(4-methylthiazole); 
25 2K(4-([3aJ-(3aa,4^,6aa)]-l/^-thieno[3,4-^0imidazol-2(3i0-on 
yl)tfaio)benzoyl-55'-amiiK)-6-cydohexyl-3/?,4/?-dihydroxy-2/?^ 
ainmo-2-(4-inethyltiiiazol-5yl)ethane; 

2K(4-a3a5-(3aa,4^,6aa)]-m-thieno[3,4-rfIimida2ol-2(3/0-on^^^ 
yl)oxy)benzoyl-55-amiiio-6-cydohexyl-3/?,4/fHlihydroxy-2/?isopropyl-hexa^^ 
30 aminomethylpyridine; 

4-([3a5'-{(3aa,4i8,6aa)]-l/^thie^o[3,4-</jimidazolyl)pe^ta^oyI-55amm^ 
3ie,4/?Kiihydroxy-2i?-isopropyl-hexanoyl-L-isoleucinyl-2-aminomethyl^ or Biotinoyl- 

eVD-De-AMP; 

4-([3a5-{3aa,4^,6aa)]-l/?-tfaieno[3,4-dJiraidazolyl)pentanoyl-6an^ 
35 amino-6-cydohexyI-3/?,4i?Kiihydroxy-2/?-isopropylhexanoyI-L-isoleuciny]-^ 
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amihomethylpyridine"; or Biotinoyl-AmihblTexai^ 

2-f{2i)henoxy)ethoxy]beiuoyU55-aniino-2J-ben2yl-3/?,4i?Klihydroxy-7meth 
octaiioyl-L-isoleucmyl-2-aniinpmcthyIpyridine; or Pq>-LFD-Ile-Amp; 

2-[(2-phenoxy)ethoxy]ben2oyl-5S-ainino-25-benzyl-3/?,4;?Kiihydroxy-7methyl- 
5 octanoyl-L-isoleucinyl-ainino-2-(4-methylthiazol-5-yl)ethane; 

2-{(2-phenoxy)ethoxy]benzoyl-55-amino-2J4)enzyI-3/?,4/?Kiihydroxy-7meA 
octanoyl-L-isoleucinyl-2-aininomethylbenziinida20le; or Pq)-LFD-Ile-Amb; and 

2K(3-(4-(3,6,9-trioxadec-l-yloxy)phenyl)prop-l-yl)oxy)benzoyl-55amino-25-^ 
3iJ,4/?Klihydroxy-7-methylK)Ctanoyl-15-amin(>-2/?hydroxy-indane. 

10 

8. A compound selected from the group consisting of: 

l-Daphthoxyacetyl-L-histidyl-5S-anmo-6-cyclohexyl-4S-hydroxy-2S-isopropy 
hexanoyl-L-threonyl-2-aminomethylpyridine; or Noa-His-CVA-Thr-Amp; 

l-naphthoxyacetyl-L-valyl-5S-amino-6-cyclohexyl-4S^ydroxy-2S-isopropyl- 
15 hexanoyl-L-seryl-2-aminomethylpyridine; or Noa-Val-CVA-Ser-Amp; 

l-n^hthoxyacetyI-L-valyl-5S-amino-6-cyclohexyWS-hydroxy-2S-isopropyl- 
hexanoyl-L-threonyl-2-aminomethylpyridine; or Noa-Val-CVA-Thr-Amp; 

l-naphthoxyacetyl-L-threonyI-5S-amino-6-cyclohexyMS-hydroxy-2S-isopropyI- 
hexanoyl-L-isoieucyl-2-aminomethylpyridine; or Noa-Thr-CVA-He-Amp; 

20 l-naphthoxyacetyl-L-seryl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyI-L-isoleucyl-2-aminomethylpyridxne; or Noa-Ser-CVA-Ee-Amp; 

methoxycarbonyl-D-proIyl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyl-L-isolaicyl-2-aminomethylpyridine; or Moc-D-Pro-CVA-IIe-Amp; 

rm-butyloxycarbonyl-L-prolyI-5S-aniino-6-cydohexyl-4S-hydroxy-2S-isopropyI- 
25 hexanoyl-L-isoleucyl-2-aminomethylpyridine; or Boc-Pro-CVA-De-Amp; 

methoxycarbonyI-L-proIyI-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopropyl- 
hexanoyl-L-isoleucyl-2-aminomethylpyridine; or Moc-Pro-CVA-Ile-Amp; 

Acetyl-L-proIyl-5S-amino-6-cyciohexyl-4S-hydroxy-2S-isopropyl-hexanoyl-L- 
isoleucyI-2-aminom^yIpyridine; or Ac-Pro-CVA-Ile-Amp; 

30 l-naphthoxyacetyI-L-histidyl-5S-amino-6-cyclohexyI-4S^ydroxy-2S-isopropyl- 
hexanoyl-lS-amino-2R-hydroxy-indane; or Noa-His-CVA-Ahi; 

l-n^hthoxyacetyl-L-faistidyl-5S-amino-6-cyclohexyi-3R,4R-dihydroxy-2R-isopro 
hexanoyl-lS-amino-2R-hydroxy-indane; or Noa-His-CVD-Ahi; 

l-naphthoxyacetyI-L-threonyl-5S-amino^ydohexyl-3R,4RKiihydroxy-2R-isopropyl 
35 hexanoyl-L-isoleucyI-2-arainometfaylbenzimidazole; or Noa-Thr-CVD-IIe-Amb; 

l-n^hthoxyacetyl-L-seryl-5S-amino-6-cycIohexyl-3R,4R-dihydroxy-2R-isopropyl- 
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hexaiK)yl-L-isoIeucyI-2-aminomethyIbenzimidazoIe; or Noa-Ser-CVD-He-Amb; 

l-naphthoxyacet^l-L4ionK)seryl-5S-amino-6-cyclohexyl-4S-hydroxy-2S-isopro^ 
hexanoyI-L-isoleucyI-2-aminomethylpyridine; or Noa-Hsr-CVA-fle-Amp; 

l-naphthoxyacetyI-L-threonyl-5S-aramo-6-cycIohexyI-3R,4RKlihydroxy-2 
5 hexanoyl-IS-ainino-2R4iydroxy-indane; or Noa-Thr-CVD-Ahi; 

l-naphthoxyacetyl-L-seryI-5S-amina-6-cycIohexyl-3R,4R-dihydroxy-2R 
hexanoyI-lS-amino-2R-hydroxy-indane; or Noa-Ser-CVD-Ahi; 

l-oaphthoxyacetyI-L-histidyI-5S-amino-6-cyclohexyl-3R,4R-dihydroxy-2R-i^^ 
hexanoyl-1 S-ainino-2R-hydroxy-indane; or Noa-His-C VD-Ahi; 

10 4-morphoIinecarbonyI-L-valyI-5S-amino-6-cycIohexyl-4S-hydroxy-2S-isopropyI- 
hexanoyI-L-isoleucyl-2-aminoinethylpyridine; or Moiph-Val-CVA-Ile-Amp; 

acetyl-L-vaiyl-5S-amino-6H:yclohexyI-4S-hydroxy-2S-isopropyI-hexanoyl-L^^^ 
2-aminomethylpyridine; or Acetyl-Val-CVA-Be-Amp; 

l-naphthoxyacetyl-N"methyl-L-histidyI-5S-aniino-6-cyclohexyl-4S-^^^ 
15 isopropyl-hexanoyl-L-isoIeucyl-2-aminomethylpyridine; or Noa-N^metfiyl-His-CVA-Ile-Amp; 
3-(4-hydroxyphenyl)-butyryl-L4iistidyl-5S-amino-6-cyclohexyl-4S-hydro 
isopropyl-hexanoyl-L-isoieucyl-2-aininomethylpyridine; or Dat-His-CVA-De-Amp; 

5<)H-l-naphthoxyacetyI-L-histidyl-5S-amino-6-cycloh^^^^ 
hexanoyi-L-isoleucyl-2-aininomethylpyridine; or 5-OH-NOA-His-CVA-IIe-Ainp; 
20 3-(4-hydroxyphenyI)-butyryl-L-valyl-5S-amino-6-cydohexyl-4S-hydrox 

isopropyl-hexanoyl-L-isoleucyl-2-aniinomethylbenziinidazole; or Dat-Val-CVA-Ile-Amb; 

l-naphthyIenyioxyacetyl-L-asparaginyI-5S-ainino-6-cyclohCT^ 
isopropyl-hexanoyl-L-isoleucinyl-2-aminomethyJpyridine; or Noa-Asn-CVA-Ile-Amp; 
l-imphthaIenyloxyacetyl-L-valinyl-55-aiiiiiio-6-cyclohexyl^^ 
25 hexaiioyl-L-isoleucinyl-2-aminomethylpyridme; or Noa-Val-CVA-He-Amp; 

((5-(3,6,9-trioxa-Klec-l-yl)oxy)naphthalen-l-yl)oxyacetyi-L-asparaginyI-55^ 
cyclohexyl-4Wiydroxy-25-isopropyl-hexanoyI-L-isoleucinyl-2-aininom or 5-Trieg- 

Noa-His-CVA-De-Amp; 

((5-(3,6,9-trioxa-dec-l-yl)oxy)naphthalen-l-yl)oxyacetyl-L-asparagm 
30 cydohexyJ-45-hydii)xy-25-isopropyl4iexanoyI-L-isoleucinyl-2-aininom or 4-Trieg- 

Noa-His-CVA-De-Amp; 

({5-(3,6,9-trioxaHiec-l-yl)oxy)naphthal-l-yl)oxyacetylrL-valinyl^^^ 
cyclohexyl-45-hydroxy-25'-isopropyl4iexanoyI-L-isoIeucinyi-2aminoraeA or 5-Trieg- 

Noa-Val-CVA-Be-Amp; 

35 ((4-{3,6,9^oxaKlec-l-yl)oxy)naphthalen-l-yl)oxyacetyl-L-valinyK^ 
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cyclohexyl-*^5-4iydroxy-25-isopropyl-hexanoyl-L-isoleucinyl*2-aminomet^ 4^rieg- 
Noa-Val-CVA-Ile-Amp; 

((5-(8-ammo-3,6-<Jioxa-oct-l-yl)oxy)naphthalen-l-yl)oxyacetyl-L-valinyl-55*a^ 
cyclohexyl-3i?,4/?-dihydroxy-2/?-isopropyIhexanoyl-L-isoleucinyl-2-aminomeA 
5 ((5-(8-trim^ylainminyl-3,6-dioxaK)ct-l-yI)oxy)naphthalen-lyl)oxyacetyI^ 
5S-amin()-6-cyclohexyI-3/f,4/?-dihydroxy-2/?isopropyl-hexanoyl-L-i^ 
aminomethylpyridine iodide; 

naphthalene-2-sulfonyI-L-histidinyl-55-amino-6s:yclohexyMJhydroxy-25-i^^ 
hexanoyl-L-isoleucinyl-2-aininomethylpyridine; 
10 4-([3a5-(3aa.4i3,6aa)]-lH-thieno[3,4-d]iniidazolyl)pentanoyl-L-val 

cyclohexyl-3i?,4i?-dmydroxy-2;?-isopropylhexanoyl-L-isoleucinyI-2-aminometh or 
Biotinoyl-Val-CVD-Ile-AMP; 

iiaphthaiMe"2-sulfonyI-L-valinyi-55-amino-254)enzyl-3/?,4i?-4ihydroxy7-methyl- 
octanoyl-L-isoleucinyl-2-aininomethylpyridine; 

15 l-naphthyloxyacetyl-L-hisddinyl-55-amino-2J-ben2ylO/?,4^-dihydroxy7-methyl^ 
octanoyl-L-isoleucinyl-2-axninomethylpyridine; or Noa-His-LFD-Ue-Amp; 

naphthalene'2-sulfonyl-L-asparaginyl-55-ainino-25'-ben2yl-3/?,4/?dihydrox^^^ 
octanoyl-L-isoleucinyl-2-aininomethyJpyridine; 

naphthalene-2-sulfonyl-L-vaIinyl-55-amiiK>-25-((2-phenyl)eth- 
20 7-inethyl-octanoyl-L-isoleucinyl-2aminoinethylpyridine; 

imphflialene-2-sulfonyl-L-leucinyl-5S-amino-2^-benzyl-3/?,4i?dihyd^^ 
octanoyl-L-isoleucinyl-2-aininomethylpyridine; and 

(l-n2phthoxy)acetyl-L-threonyl-5S-amino-6-cyclohexyl-3R,4Rsl&^ 
iospropyl-hexanoyI-L-isoleucyl-2-aininomethylpyridine; or Noa-Thr-CVD-Ue-Amp. 

25 

9. A compound of the formula I 

Xi-Cg-D9-Eio-F|j-Gi2-Z I 
wherein Xj is X2-[(CH2)2-0]^-aryl-0-{CH2)n-C(0)s 
wherein X2 is 
30 a) H3CO, 

b) (R4)2N-, or 

c) Het; 
wherein m is five or six; 
herein n is zero to six, inclusive; 

35 wherein Cg is absent; 
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wherein D9 is the moiety XL3; 

h f 0 

I L N 

_N — CH — c- 

XL3 

wherein Eiq-F^j is the moiety XLg or U; 

10 

0 

\I II ^^^\ h OH II 

^5 XLe II 

wherein is absent or is the moiety XL4; 

Rg 

-!-L_l_ 

wherein Z is 
25 a) -N(R4)2, or 

b) -NHX3; 
wherem X3 is 

a) -(CH2)n-Het, 

b) -(CH2)„-aryU or 

30 c) 1-amino indanyl optionally substituted at the 2- or 3- position by one or two 

hydroxy or -0C(0)CH3; 
wherein aryl is phenyl or naphthyl; 

wherein -Het is a 5- or 6-niembered saturated or unsaturated ring contaimng from one to daree 
hetCToatoms selected from the group consistmg of nitrogen, oxygen, and sulfiir; and including 
35 any bicyclic group in which any of the above heterocyclic rings is fused to a benzene ring or 
another haerocycle and die ring may be conneaed through a carbon or secondary mtrogm in 
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10 



15 



20 



the ring or an exocyclic nitrogen; 
wherein Rj is 



a) 
b) 
c) 

wherein R4 is 
a) 
b) 

wherein R7 is 
a) 
b) 
c) 

wherein Rg is 
a) 
b) 
c) 

wherein R^ is 
a) 
b) 
c) 



phenyl, , 

C3-C7 cycloalkyl, or 

C1-C5 alkyi; 

hydrogen, or 
C1-C5 alkyl; 

hydroxy, 
Het, or 

C1-C5 alkyl substituted by zero to three hydroxy; 

C1-C5 alkyl, 
Het, or 
aryl; 

-{CH2V phenyl, 
-(CH2)n-C3-C7 cycloalkyl, or 
C1-C5 alkyl; 



and pharmacologically acceptable salts thereof. 



10. The conq>ound of claim 9 selected from the group consisting of: 

((5-(3,6,9,12,15-pentaoxa-hexadec-l-yl)oxy)naphthalen-lyl)oxyac^l-L4iistidinyl-55^ 
25 aniino-6-cyclohexyl-4S-hydroxy-2Sisopropyl-hexanoyl-L-isoleucinyl-2-a^ 
5-Pentaeg-Noa-His-CVA-IIe-Amp; 

((5-(3,6,9,12,15,18-hexaoxa-nonadec-l-yl)oxy)n^hthalen-lyl)oxyacetyKL-histi^ 
5S-amino-6-cyclohexyl-45'-hydroxy-2Jisopropyl4iexanoyI-L-isoleucinyl-2-^ 
or 5-Hexaeg-Noa-His-CVA-Ile-Amp; 

30 ((5-(3,6,9,12,15i)entaoxa4i«adec-l-yl)oxy)naphthalen-lyl)oxyacetyl-L4iistidinyI-5^^ 
amino-6-cyclohexyI-3/?,4i?-dihydroxy-2/?isopropyI-hexanoyNL-isoIeucinyI-2- 
aminomethyipyridine; or 5-Pentaeg-Noa-His-CVD-De-Amp; 

((5-<3,6,9,12,15-pentaoxa-hexadec-l-yl)oxy)naphthalen-lyl)oxyacetyl-L-vaIinyl-55- 
ammo-6-cyclohexyI- 3/?,4i?-dihydroxy-2/?isoprDpyl-hexanoyI-L-isoleucinyI-2- 
35 aminomethylpyridme; or 5-PentaegNoa-Val-CVD-Ile-Amp; 

((5-(3,6,9,12,15-peniaoxa-hexadec-l-yI)oxy)naphthalen-lyl)oxyacetyl-L-valinyl-5J- 
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amina-6-cyclohexyI-3/?,4/?-<lihydroxy-2/?isopropyl-hexanoyl-L-iso^ 
hydroxy-indane; or 5-Pent^egNoa-VaI-CVD-Ile-Ahi; 

((5-(3,6,94245-pentaoxa4iexdec-l-yI)oxy)naphthalen-l-yl)oxyacetyl-L-threonyl-5S- 
amino-6<yclohexyI-3R,4R-dihydroxy-2R-isopropyI-hexanoyl-L-isoieucyl-2- 
5 aminomethylpyridine; or 5-PentaegNoa-Thr-CVD-Ile-Amp; 

((5-(3,6,9, 12, 15-pentaoxa-hexdec-l -yl)oxy)naphthalen-l-yl)oxyacetyl-L-threonyl-5S- 
amim>-6-cyclohexyl-3R,4RHiihydroxy-2R-isopropyl-hexanoyl-L-k^^ 
aminomethylbenzimidazole; or S-PentaegNoa-Thr-CVD-Ile-Ainb; and 

((5-(3,6,9J245-pentaoxa-hexdec-l-yl)oxy)D2phthaIen-l-yI)oxyacetyl-L-direon^ 
10 amino-6-cydohexyl-3R,4R^ihydroxy-2R-isopropyl-hexanoyl'lS-ainmo-2R-hydrox or 
5-PentaegNoa-Thr-CVD-Ahi. 
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